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CHAPTER  I. 
GENERAL  CHARACTERS  OF  URINR 


PHYSICAL  CHARACTERS  OF  URINK 

The  urine  which  has  just  been  voided  by  a  healthy  individual 
is  a  clear  fluid,  of  yellow  colour,  of  the  temperature  of  the  body, 
of  an  odour  which  is  peculiar  to  it,  and  is  therefore  termed 
urinous ;  it  has  a  saline  taste,  with  an  admixture  of  some  bitter- 
ness, and  reddens  blue  litmus  paper.  A  short  time  after  the 
fluid  has  come  to  rest  in  the  vessel  into  which  it  has  been  passed, 
a  small,  light  cloud,  of  a  grayish- white  colour,  may  be  observed 
settling  towards  the  bottom  of  the  vessel.  This  cloud  consists  of 
the  mucus  and  epithelium  of  the  urinary  passages. 

Cflearruss  and  Turbidity  of  Urine. 

Turbidity  of  urine  depends  upon  the  admixture  of  solid  and 
insoluble  substances.  The  flocculent,  small  cloud  of  healthy 
mucus  may  be  distinguished  from  other  matters  by  its  being 
easily  diffused  by  agitation,  and  by  its  insolubility  in  nitric  acid. 
So  great  a  turbidity  or  thickness  of  the  whole  mass  of  urine, 
however,  as  after  an  interval  of  repose  to  cause  the  subsidence  of 
a  deposit  to  the  bottom  of  the  vessel  or  on  the  side,  must  be  con- 
sidered as  abnormal,  and  therefore  attracts  attention.  We  then 
proceed  to  investigate  its  nature,  which,  taken  together  with  the 
other  properties  of  the  urine  containing  the  sediment,  will  often 
afibrd  great  assistance  in  the  inquiry  into  the  seat  and  cause  of 
the  disorder,  of  which  the  turbid  condition  is  a  symptom. 
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In  considering  a  specimen  of  urine  with  regard  tx>  its  turbidity, 
great  care  must  be  taken  in  ascertaining  whether  it  was  passed 
in  a  turbid  state,  or  whether  the  turbidity  and  sediment  super- 
vened after  its  emission,  or  after  a  lengthened  period  of  rest 
The  prognosis  of  many  cases  is  determined  by  this  circumstance, 
an  accurate  knowledge  of  which,  not  always  easily  to  be  acquired, 
is  therefore  of  practica.1  importance. 

Simple  clearness  of  the  urine  is  not  evidence  that  there  is 
nothing  wrong  in  that  Huid.  Many  abnormal  sulistances,  the 
products  of  disease,  are  found  in  clear  urine,  and  many  patholo- 
gical alterations  in  the  quantities  of  the  normal  ingredients  occur 
in  a  limpid  fliud. 

At  the  end  of  this  volume  are  given  some  tables  for  discover- 
ing the  nature  of  urinary  deposits  by  chemical  reagents  and  the 
microscope.  The  appearance  in  the  form  of  sediments  of  the 
separate  bodies,  normal  and  abnormal,  their  reactions  and  their 
general  behaviour,  are  given  under  each  body. 

Tints  of  Utniie, 

The  normal  amber-yellow  colour  of  urine  is  due  to  a  colouring 
matter  which  enters  into  the  composition  of  that  fluid,  and  can 
be  separated  from  it  by  chemical  proceedings.  This  normal 
colouring  ingredient  is  capable  of  genemting  a  series  of  tints, 
varying,  according  to  the  degree  of  dilution,  fmni  a  very  faint 
greenish,  through  straw-yellow  to  amber  and  dark  amber.  But 
in  many  diseases  the  colour  of  the  urine  becomes  changeil,  by  the 
admixture  with  the  ordiiiary  or  normal  colonriug  matters  of  cer- 
tain pathological  ingredients,  to  yellowish-red,  red,  reddish- 
brown,  up  to  deep  brown  and  black.  The  normal  colouring 
matters  of  urine  are  never  red  or  brown,  and  tints  produced  by 
an  admixture  of  these  colours  cannot  be  considered  as  produced 
by  simple  concentration  of  normal  colouring  matter. 

The  colour  of  urine  is  frequently  an  exponent  of  the  nature 
and  amount  of  functional  disturbance,  and  indicates  to  the 
physician  the  direction  in  which  his  further  examination  should 
proceed.  The  special  indications  of  the  several  colouring  matters 
will  be  discussed  under  the  chapters  devoted  to  their  description* 
Here  it  may  suffice  to  indicate  the  general  practical  conclusions 
which  may  be  drawn  from  the  diJIbrent  colours  as  regards  the 
other  characters  of  the  urine,  and  the  condition  of  the  organism 
by  which  it  has  been  voided. 

Fale  urine  varies  from  nearly  colourless,  through  a  faint  green- 
ish tint,  up  to  straw-yellow.  It  is  the  urine  of  early  infancy,  and 
is  eonmiou  in  adults  after  the  ingestion  of  large  quantities  of 
water  or  watery  fluids.  It  is  mostly  neutral,  less  frequently 
alkaline,  mrely  acid.  It  is  common  in  chlorosis  and  other 
anaemic  conditions,  and  then  contains  a  small  amount  of  urea. 
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and  of  solids  genemlly.  In  diabetes,  however,  the  pale  colour 
does  not  admit  of  any  conclusiou  as  to  thfi  amouiit  of  solids 
generally.  Practically  the  general  rule  holds  good,  that  as  lowj 
a3  a  patUnt  secretes  this  description  of  uriiu\  he  is  not  affected  by 
any  severe  ilbuss  of  a  febrile  ami  acute  nature, 

Amher-cohuretl  urine  is  the  common  urine  of  health.  Its  oc- 
currence mostly  excludes  all  di^^eases  of  wliich  either  the  pale  or 
the  very  hii^'hly-coloured  urine  is  a  usual  symptom. 

Hiyhlif-eolmtred  urliie  ranges  from  a  reddish-yellow  colour  to 
red.  aiid  is  of  a  decidedly  acid  reaction  and  high  specific  gravity, 
indicating  the  presence  of  a  large  amount  of  solids,  particularly 
urea*  Concentration  being  tlie  principid  and  uniform  featm'e  of 
this  sort  of  urine,  it  is  well  to  bear  in  mind  that  it  m^iy  he  pro- 
duced in  four  ditferent  ways.  1.  Either  the  person  voiding  such 
urine  has  taken  very  little  liquid,  and  in  that  case  the  whole 
amount  of  concentrated  urine  will  be  very  small.  2,  Or  the 
water  of  the  blood  hns  been  evaporated  by  the  skin  in  the  form 
of  perspiration.  3,  The  third  way  in  which  a  concentrated 
highly-coloured  urine  may  be  produced  in  healthy  individuals  is 
by  the  ingestion  into  the  blood  of  a  large  amount  or  an  excess  of 
nutritive  nitrogenous  matter.  It  is  therefore  of  frequent  occur- 
rence with  those  who  partake  of  sumptuous  meals  and  drink 
little  water.  4  The  fourth  mode  of  formation  of  this  descrip- 
tion of  urine  is  by  the  more  rapid  disintegration  of  tissue  and 
waste  of  matter  in  febrile  diseases.  Here  the  indication  is  the 
more  valuable,  as  other  symptoms,  such  as  the  temperature  of 
the  body  or  the  state  of  the  pulse,  cannot  always  be  exclusively 
relied  upon  as  exponents  of  the  int^snsity  of  the  febrile  process, 
Sevend  of  the  circumstances  enumerated  may  combine  in  pro- 
ducing a  highly-coloured  urine,  such  as  fever  and  perspiration,  or 
large  meals,  and  violent  exercise,  In  all  cases,  howeverj  the 
absolute  amount  of  solids  discharged  in  a  given  time  should  be 
regarded  as  the  prominent  indication.  The  solids  must  pass 
through  the  kidney  ;  the  water  may  be  discharged  by  kidneys, 
lungs,  and  skin. 

Of  the  tints  of  urim  due  to  (dmorrnai  sulstanee^,  some  are 
strictly  aceidenial,  viz.,  produced  by  introduction  into  the  stomach 
of  articles  of  food,  or  beverages,  or  drugs,  the  colouring  principles 
of  which  are  absorbed  into  the  blood,  and  afterwards  discharged 
by  the  kidneys  in  the  urine,  The  urine  may  be  very  deeply 
tinted  by  the  colouring  principle  of  coflee,  when  a  tolerably 
strong  infusion  of  the  roasted  berry  is  taken  even  in  moderate 
quantity.  The  colouring  matters  of  severid  drugs,  such  as  the 
chimapiiila  or  pyrola,  hajmatoxylum,  senna,  rhubarb,  enter 'the 
urine  y^iy  readily,  and  a  short  time  after  having  been  taken  iiito 
the  stomach.  Urine  coloured  by  rhubarb  is  sometimes  mistaken 
for  bilious  urine.     The  error  can  be  at  once  detected  by  the 
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addition  of  liquor  ammonia^  which  converts  the  dark  orange  into 
a  crimson  colour.  The  additiou  of  mineral  acids  to  urine  con- 
taining the  pigments  of  either  rhubarb  or  senna  changes  the 
brownish  or  dark-red  colour  into  a  bright  yellow ;  whUe  the 
ordinary  colouring  matter,  if  changed  at  all»  is  rather  darkened 
by  their  influence. 

Black  or  blackish  urine  has  several  times  been  observ'ed  after 
the  internal  use  of  creosote,  of  carbolic  acidt  and  the  inunction  of 
tar  over  parts  of  the  body. 

The  second  class  of  abnormal  tiuts  of  the  urine  comprifles  the 
pathologiail  ones.  The  range  of  tints  is  from  lemon -yellow  on  the 
one  hand,  and  blue  on  the  other,  through  all  varieties  of  yellow  i  eh - 
green,  apple-greeu,  brownish-green,  red  (lilood  colour),  through 
brow^n,  brownish-black,  to  impenetrable  black.  The  blue  colour 
may  be  due  to  indu/o  (formerly  described  as  cyanurine,  uroglau- 
cine,  or  urocyanine),  w^hich  is  sonietiraes  tlie  product  of  the  de- 
comi;K)sition,  within  or  without  the  bladder,  of  a  peculiar  colour- 
less product,  imiujogen,  and  has  been  observed  in  cystitis  and 
albuminuria.  Another  product  of  the  decomposition  of  a  probably 
colourless  compound,  uri-hodinogai,  is  iiTrhmUne,  formerly  believed 
to  be  identical  with  indigo-red,  but  dill'ering  greatly  from  it  in 
many  features,  particularly  in  that  it  contains  no  nitrogen.  When 
the  blue  pigment  occurs  in  urine  containing  much  yellow  colour- 
ing matter,  it  forms  a  greenish  or  grass-green  ;  or  if  the  red  mat- 
ter prevail,  violet  solution,  with  a  variety  of  modifications,  caused 
by  the  admixture,  in  various  proportions,  of  other  abnormal,  or 
of  normal  colouring  matter.  The  eflects  of  urcrylhrhu ,  which  is  i 
perhaps  not  always  a  pathological  product,  but  frequently  indi-j 
cates  the  presence  of  serious  disease^  are  a  red,  rosy,  or  pink 
colour  of  any  sediment  of  urates  w^hich  may  occur  in  the  fluid. 
The  urates  seem  to  have  a  particular  affinity  for  it  Urerythrine 
in  a  blue  or  Icmon-yeUow^  urine  would  produce  changes  of  colour 
not  dissimilar  to  those  produced  by  urrhodine,  hut  of  less  in- 
tenBity. 

The  sediments  stained  with  urerythrine,  and  the  sedimentsj 
which  the   blue  pigments  when  they  occur  form  w*ith  part  oP 
their  substance,  and  all  sediments  whatsoever,  must  be  filtered 
otf  before  determining  the  colour  of  the  solution. 

A  qreenWi'i/ellow  or  greenuh-brown  mine  indicates  the  presence 
of  derivates  of  the  colmirin/jf  principles  of  bile.  There  is,  how^ever, 
also  a  kind  of  bilious  urine,  that  is,  urine  which  with  nitroso- 
nitric  acid  yields  the  reaction  characteristic  of  bile  pigments,  which 
is  red.  Such  urine^  in  chronic  cases^  of  liver  disease,  gallstone, 
cancer,  and  others,  alternates  with  nrine  of  a  greenish-brown 
colour.  The  more  pronounced  the  jaundice  in  such  cases,  the 
darker  is  generally  the  mine. 

JJark  uriTU,  of  brownish  or  brown  porter-like  colour,  more 
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rarely  of  a  blackish-grey  colour,  is  the  result  of  severe  pathologi- 
cal action  in  the  body,  and  indicates  a  rapid  disintegration  of  the 
red  blood  corpnsclc^s,  the  result  of  which  is  the  appearance  in  the 
urine  of  an  abnormal  pigment,  or  several  pigments  at  one  time. 
Sometimes  the  pigment  of  dark  or  black  urine  is  co^adable 
by  heat,  thus  indicating  its  being  di^olvrd  cruorine  (hemato- 
cr}^stalliue).  It  is  not  rarely  accompanied  with  lumatinr,  a  pro- 
duct of  its  decomposition.  In  other  ca^es  such  pigments  are 
derivates  of  hematine,  resembling  cruentine,  e.g,,  ummbrO' 
k-emnthw,  or  decomposed  further,  e.g.,  lirofascohemattne.  These 
bodies  are  most  certainly  recognised  with  the  aid  of  the  speetro- 


Od&ur  of  Urifte. 


Healthy  urine  has  a  peculiar  odour,  which  rises  with  the 
vapour  of  water  after  emission.  It  is  almost  indestructible  by 
any  of  the  chemical  processes  usually  applied  to  urine,  and 
therefore  accompanies  the  operator  through  the  whole  coui"se  of 
an  analysis.  The  odour  ifi  due  to  the  presence  of  a  number  of 
volatile  and  fixed  principles,  particularly  those  which  on  chemo- 
lysis  yield  the  substances  to  be  described  as  urrhodine,  omi- 
choline,  omicholic  acid,  uropittine,  and  others.  The  common 
modifications  of  the  smell  of  urine  are  probably  due  to  the  pre- 
ponderance of  one  or  other  of  these  bodies,  and  to  the  admixture 
of  urophanic  substances  derived  directly  from  the  food.  Several 
articles  of  daily  consumption,  as  coffee,  onions,  mutton,  port 
wine,  or  garlic^  communicate  to  urine  their  peculiar  odour. 
Asparagus  communicates  to  the  urine  a  peculiarly  disagreeable 
odour*  Oil  of  turpentine,  when  taken  into  the  stomach,  or 
breathed  in  even  a  very  small  quantity,  communicates  to  urine 
an  odour  similar  to  that  of  violets.  The  odoriferous  piinciples  of 
saffron  and  cubebs  may  be  easily  distingidshed  in  the  urine  of 
persons  who  have  taken  them  internally. 

2We  of  Urine, 

The  taste  of  urine  is  a  mixture  of  the  tastes  of  its  constituents, 
of  which  two,  however,  characterise  it— urochrome  and  chloride 
of  sodium ;  the  one  imparting  a  bitterish,  disagreeable  flavour, 
the  other  its  saline  taste.  The  phosphatic  alkalies  are  of  a  cool- 
ing, weak  saline  taste,  and  so  far  resemble  tlie  chloride  of  sodium, 
The  odorous  acids  and  volatile  oil  also  aflect  the  taste,  and  the 
cooling  taste  of  urea  is  perceived  in  concentrated  solutions.  The 
discovery  of  diabetes  roellitus,  in  which  disease  the  taste  of  the 
urine  is  sweet,  was  formerly  made  by  tasting  only. 

Chemical  Rcadimi  of  Urinf, 
As  the  chemical  reaction  of  healthy  urine  is  acid,  any  devia- 
tion from  this  condition  becomes  at  once  an  anomaly.     It  hna 
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been  ascertained  that  the  neutral  or  alkaline  condition  is  due  not' 
80  much  t-o  the  absolute  absence  of  acid  as  to  its  neutralisation 
by  liases ;  the  nature  of  the  latter,  and  their  origin,  determine 
whether  the  neutral  or  alkah'ne  state  be  within  the  limita  of 
health  or  a  symptom  of  disease. 

The  acid  reaction  of  urine  is  probably  the  result  of  the  co-l 
operation  of  a  variety  of  factors,  which  it  is  extremely  difficult 
to  disentan^^de.  On  the  whole,  it  may  be  said  that  the  acidity  is 
due  to  the  presence  of  acid  salts,  such  as  the  phosjihates  and 
sulphates  of  potash  and  soda,  the  aeiJ  urates,  hipjiurate,  extrac- 
tive acids,  such  as  kr}^tophanic  and  paraphanic,  and  accidentalJy 
to  free  organic  acids,  such  as  the  oxalic,  malic,  and  tartaric 
(Buchheim,  Wohler),  and  their  acid  salts. 

The  degree  of  acidity  of  healthy  and  patholor^ical  urine  can  be 
determined  by  a  volu metrical  process,  here  to  be  described. 

Mode  of  delerminijig  the  amount  of  Acidity  in  the  Urine, 

The  analysis  is  performed  by  a  standard  solution  of  caustic 
soda,  graduated  so  that  a  giv»^n  volume  corresponds  to  a  certain 
amount  of  oxalic  acid.  With  tljis  a  known  bulk  of  urine  ia 
exactly  neutralised,  and  from  tlie  amount  of  standard  solution 
used  we  find,  by  calculation,  the  amount  of  oxalic  acid  which 
would  be  equivalent  to  the  amount  of  free  acid  actually  contained 
in  the  urine. 


Preparatimi  of  the  siawlard  solution  of  Caustic  Soda, 

This  solution  is  to  he  graduated  so  that  every  cubic  centimetre 
indicates  exactly  10  milligrni,  of  oxalic  acid.  For  this  purpose 
we  rerpiire  a  solution  nf  oxalic  acid  of  known  strenj^th,  which  is 
prepared  by  dissolving  one  grm.  of  dry  oxalic  acid  in  so  much 
water  that  the  solution  exactly  amounts  to  100  c.c.  Every 
100  c,c.  of  this  solution  contain  04  grm.  of  oxalic  acid.  This 
quantity  is  now  measured  ofT,  put  into  a  snu^ll  beaker,  and 
coloured  red  with  tincture  of  litmus.  After  being  placed  upon  a 
piece  of  white  paper,  the  dilute  solution  of  caustic  soda  is  cau- 
tiously added  until  the  red  colour  has  been  changed  into  the  ori- 
ginal litmus  blue.  Suppose  we  have  used  for  efieeting  this  6  c,c* 
of  the  solution  of  caustic  soda,  then  they  would  correspond  to 
1  deeigruL  of  oxalic  acii  We  now  add  to  every  600*0  c.a  of 
the  solution  of  soda  4000  ex.  of  water,  and  thus  obtain 
1000  c.c.  of  standard  solution,  of  which  10  c.c.  exactly  neu- 
tralises 10  milligrm,  of  oxalic  acid.  If,  after  the  addition  of 
100  ex.  of  this  solution  to  10  c.c.  of  the  solution  of  oxalic  acid 
reddened  by  litmus,  the  blue  colour  appears,  the  solution  is  cor- 
rect and  ready  for  use. 
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The  fluid  ajiplied  to  the  ITriru. — ^To  50  or  100  c,c.  of  quite 
fresh  urine  the  standard  ,soliition  of  soda  is  added  in  small  por- 
tions, say  I  c.c,  at  a  time,  and  after  every  new  addition  the  fluid 
ia  tested  by  the  aid  of  litmus  paper,  as  the  yellow  colour  of  the 
fluid  would  not  allow  the  tincture  of  litmus  to  show  the  transi- 
tion from  red  to  blue,  and  therefore  excludes  its  use  in  the  manner 
described  for  the  preparation  of  the  test-fluid.  The  testing  with 
litmus  paper  is  best  effected  by  placing  a  drop  of  the  mixture 
upon  neutral  blue  litnms  paper.  If,  after  a  time,  the  spot 
covered  l>y  the  drop  does  not  become  red  any  longer,  the  analysis 
is  completed.  To  make  sure,  we  may  now  test  for  an  excess  of 
alkali,  and  if  the  latter  be  found,  a  fresh  analysis,  guided  by 
the  experience  of  the  tirst  one,  will  lead  to  the  exact  point  of 
neutrality. 

The  amount  of  alkalinity  of  any  specimen  of  urine  can  be  de- 
termined by  applying  to  it  the  solution  of  oxalic  acid  described 
in  the  foregoing,  until  an  acid  reaction  of  the  specimen  is  ob- 
tained 

The  neutral  state  or  alkalinity  of  the  urine  is  the  consequence 
of  the  admixture  of  fixed  or  volatile  alkalies.  Before  speaking 
of  the  circumstances,  however,  under  which  neutral  or  alkaline 
urine  may  be  dlsehtrffal  from  the  bladder,  we  must  advert  to  the 
fact  that  prine,  which  when  passed  was  acid,  may  soon  become 
alkaline  under  the  influence  of  decomposition  of  urea.  This  con- 
version i^  sometimes  effected  within  an  hour  after  emission.  It 
,  must  be  considered  as  an  essentially  abnormal  feature,  because 
f  normal  urine,  though  it  almost  always  becomes  alkaline  during 
ita  decomposition,  yet  does  not  do  so  within  the  first  twenty-four 
hours  after  its  emission. 

But  the  alkaline  decomposition  of  even  healthy  urine  may  be 
favoured  by  certain  circumstances  requiring  the  most  scruptdous 
attention  of  the  practitioner  Urine  which  is  already  in  a  state 
of  alkaline  decomposition,  when  added  even  in  small  quantity  to 
healthy  urine,  will,  by  means  of  a  ferment,  induce  and  hasten  the 
decomposition  of  the  normal  fluid.  The  vessels,  therefore,  in 
which  the  urine  is  collected,  must  be  washed  and  scalded  with 
[great  care;  otherwise  the  small  quantities  of  decomposing  urine 
adhering  to  their  walls  may  induce  fallacious  conditions  of  the 
fluid  collected. 

There  are  other  circumstances  which  may  make  the  acid  urine 
alkaline  in  a  shorter  period  than  usual  Such  are  the  presence 
of  mucus  and  pus,  which  play  the  part  of  a  ferment  in  many 
cases.  This  may  be  proved  by  dividing  a  specimen  of  acid  urine 
into  two  parts,  filtering  the  one  immediately,  leaving  the  other 
as  it  is.  and  letting  both  stiind  side  by  side.  Tlie  filtered  urine 
will  often  present  its  original  acid  reaction,  when  the  portion 
which  has  not  been  filtered  is  already  alkaline. 
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High  temperature  and  great  dilution  favour  the  process  of 
decoini>osition.  A  concentrated  acid  urine  of  fever,  on  tlie 
contrary,  of  a  specific  gravity  of  1025,  containing  much  urea, 
will,  Miien  decanted  froiti  the  deposits^  retain  for  days,  if  not 
its  entire  character,  certainly  its  acid  reaction  and  its  ordinary 
appearance. 

Though  a  certain  anionnt  of  ammonia,  in  couibioation  with 
acids,  is  present  in  all  healthy  urine,  yet  that  quantity  is  never 
Bullicient  to  produce  an  alkaline  reaction.  Wlien  aninionia 
produces  the  neutral  or  alk^ilioe  reaction,  as  it  always  and 
exclusively  does  when  the  alkalinity  has  supen^ened  after 
emission,  it  ia  the  pixidnct  of  the  decomposition  of  urea  into 
ammoma  and  carbonic  acid. 

Having  now  ascertained  the  causes  of  alkaline  changes  occur- 
ring in  tl>e  urine  after  emission,  we  are  the  l^etter  prepared  to 
appreciate  the  processes  by  which  tire  urine  may  become  alkaline 
Jm/otc  emission.  We  have  alnmdy  rcmaiked  tliat  this  Tnay  be 
effected  by  volatile  or  by  fixed  alkalies;  and  accordingly  alkaline 
urities  may  be  divided  into  two  great  groups.  The  alkalinity  of 
the  first  group  is  always  due  to  the  presence  of  carltonatc  of 
ammonium  from  the  decomposition  of  urea  in  the  urinary 
passages,  particularly  the  bladder,  after  its  secretion  from  the 
kidneys.  This  may  be  taken  as  the  general  rule;  tb<jugh  it  is 
possible,  but  not  proved,  that  iu  uricmia,  and  some  other  diseases, 
or  wlien  tak-en  internally  as  a  medicine,  carbonate  of  ammonium 
may  be  discharged  Irom  the  blood  by  the  kidneys*  Carbonate 
of  amm*3nium  restores  the  blue  colour  to  reddened  litmus  paper, 
but,  as  it  evapomtes  on  diyiug,  its  neutralising  influence  disap- 
jiears  on  the  dried  test-paper,  wdiich  therefore  again  becomes  red. 
The  fixed  alkalies,  on  the  contrary,  impart  a  permanent  blue 
colour  to  red  test-paper.  Both  descriptions  of  alkaline  urine 
eflervesce  with  acids,  and  froth  on  being  shaken,  particularly 
when  containing  albumen. 

The  alkaline  decoiapositiou  of  urine  in  the  urinary  passages, 
particularly  the  bladder,  may  be*  referred  to  a  series  of  causes,  all 
of  which  have  one  effect  iu  common,  namely,  that  of  preventing 
the  complete  emptying  of  the  bladder  at  one  time.  A  part  of 
the  otherwise  liealthy  urine  being  tims  retained  longer  than  it 
can  resist  alkaline  decomposition  under  ordinary  circumstances, 
acts  as  a  ferment  on  all  urine  subsequently  entering  the  bladder. 
Upon  this  point,  the  e3;i)criments  and  arguments  of  8now  are 
quite  conclusive.  About  lialf  a  pint  of  newly-voided  urine  was 
put  into  a  glass  vessel  which  terminated  at  the  low^er  part  in  a 
tube  of  minute  calibre,  through  w^hich  it  dropped  into  a  glass  jar 
below,  at  the  rate  of  about  twelve  drops  in  a  minute,  which  is 
about  an  ounce  and  a  half  in  an  hour,  tljat  being  not  far  from  the 
quantity  usually  passing  into  the  bladder  from  the  ureters.     The 
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els  were  kept  near  the  fire  at  the  temperature  of  37- 7**  C,  At 
the  end  of  six  or  eight  hours,  when  the  urine  had  all  di'opped 
into  the  lower  vessel,  this  was  emptied,  all  but  about  thirty  drops, 
and  the  upper  glass,  which  served  as  a  funnel,  again  repleuished. 
It  was  found  that  the  urine  iu  the  lower  vessel  became  decom- 
posed generally  in  aljout  twenty-four  hours, — in  about  the  same 
time,  in  short,  as  urine  preserved  at  the  same  temperature  from 
the  beginning  of  the  experiment,  the  time  varying  accordiug  to 
the  quality  of  the  urine.  The  mere  increase  of  the  contact  with 
air,  therefore,  did  not  decompose  the  urine  any  quicken  But  the 
thirty  drops  of  decomposed  urine  Jeft  in  the  lower  vessel  decom- 
posed every  new  drop  which  arrivx*d  immediately,  so  that  while 
the  urine  was  always  fresh  and  acid  in  the  upper  vessel,  provided 
this  was  washed  out  occasionally,  it  was  always  decomposed  in 
the  lower  one,  although  the  urine,  except  a  small  fraction  of  it, 
was  of  the  same  age  in  both. 

Among  the  causes  which  may  prevent  the  complete  emptying 
of  the  hhidder,  and  produce  anmioniacal  urine,  forrign  Imlies  in 
the  bladder  claim  our  attentiom  They  occasionally  interrupt 
the  stream  of  urine  before  the  bladder  is  emptied;  they  give  rise 
to  the  fre<|uent  retention  of  small  quantities  of  urine,  because  the 
bladder  can  seldom  contmet  around  them  so  exactly  as  com- 
pletely to  expel  all  uriue  ;  and,  further,  they  are  mostly  porous, 
and  contain  urine  in  their  substiuce.  These  circumstances  lead 
to  ammoniacal  decomposition  of  the  in-ine,  in  consequence  of 
which  most  foreign  bodies  in  the  bladder  become  encrusted  with 
earthy  phosphates.  A  catheter,  which  is  left  in  the  urethra  and 
bladder  for  some  days,  soon  makes  the  urine  ammoniacal  and 
phospliatic  by  allowing  a  small  quantity  of  urine  to  remain  in 
the  bladder,  even  independently  of  the  possibility  of  its  giving 
access  to  ferment-forming  agents  from  the  atmosphere,  or  of 
introducing  them  by  mere  adherence  to  its  surface.  Enlarge- 
ment of  the  prostate  and  stricture  of  the  urethra,  and  in  rare 
cases  stricture  of  one  or  other  of  the  ureters,  act  in  a  similar 
way.  Ammoniacal  urine  is  the  almost  invariable  result  of 
weakness,  paitial  or  total  paralysis  of  the  bladder,  more  strictly 
of  the  detrusor  urinte,  such  as  occurs  iu  paraplegia  and  spinal 
diseases  and  injuries,  in  the  decrepitude  of  extreme  old  age,  and 
long-continued  comatose  conditions  in  the  course  of  certain 
diseases,  such  as  typhus. 

It  is  probable  that  the  inflamed  condition  of  the  mucous 
membrane  of  the  bladder,  which  we  mostly  observe  along  with 
ammoniacal  urine,  is  the  consequence  of  this  condition  of  the 
urine.  If  ammoniacal  urine  acts  as  a  caustic  upon  the  epidermis 
and  cutis,  causing  excoriations  and  extensive  soreness,  how  much 
more  liable  must  the  mucous  membrane  of  the  bladder  be  to 
€imilar  affections !     The  alkaline  urioe  causes  positive  ulcemtiou 
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on  the  mucous  membrane  in  cases  of  extroveraian  of  the  bladder. 
on  the  enlarged  uterus  in  cases  of  prolapse;  nothmg  is  then 
more  natural  than  that  the  offended  surlaee  of  the  cavity  of  the 
bladder  should,  for  its  protection,  first  pour  out  a  large  qiiaotity 
of  mucus,  and  when  the  cause  continue  fur  a  length  of  time,  pass 
into  a  state  of  chronic  inHamination,  with  croupy  exudations, 
attended  by  great  autfering. 

In  very  few  cases  the  mere  presence  of  a  calculus  or  foreign 
body  in  the  bladder  cau.ses  inflaramation  of  itself;  it  mostly 
ref|nires  the  presencs  of  ammoniacal  urine.  The  symptoms  of  a 
calcuhis  not  attended  by  ammoniacal  urine  are  far  less  severe 
than  those  of  a  concretion  accompanied  by  such  urine ;  and  in 
many  cases  the  presence  of  a  calculus  in  the  l>ladder  is  neither 
observed  nor  suspected  btifore  the  appearance  of  ammoniacal 
urine  and  its  attendant  suffering,  wliicli,  from  the  hegirming  of 
the  phosphatic  incrustation,  can  he  shown  to  have  taken  place 
only  at  a  time  when  the  calculus  had  already  attained  a  con- 
siderable size. 

There  are  two  conditions  more  in  which  the  partial  retention 
of  urine  may  cause  ammoniacal  urine  and  its  consequences. 
The  one  is  a  so-called  siicculated  l>Iaildei\  or  rupture  of  the 
mucous  membrane  protruding  through  the  muscular  coat.  The 
other  occurs  in  insane  persons,  who  have  a  temleney  to  retain 
their  excretiona  as  long  as  possible.  When  forced  to  pass  water, 
either  by  natural  necessity  or  by  attendant?,  they  wiU  only  allow 
the  passage  of  a  part,  retaining  anotlier.  In  one  such  case,  I 
could  frequently  observe  the  urine  beconie  ammoniacal  fifty 
hours  after  the  beginning  of  the  paroxysm.  This  condition  is 
said  to  be  frequent  among  the  inmates  of  lunatic  asylums. 

The  most  efficacious  treatment  of  all  cases  of  ammoniacal 
urine  is  the  Tvasbing  out  of  the  bladder  with  warm  salt-water  by 
means  of  a  syringe  and  double  canula*  In  all  cases  where  the 
opera! ion  has  been  carried  out  properly,  tlie  urine  immediately 
loses  its  ammoniacal  condition,  and  in  most  eases  is  clear  and 
acid,  thus  pro^dng  the  correctness  of  the  above  views  by  demon- 
stration. 

In  many  cases  of  acute  total  retention,  the  urine  does  not 
become  ammoniacab  but  becoming  concentrated  by  the  absorp- 
tion of  water,  remains  ar'ul,  Init  forms  deposits  of  various  kinds. 
These  cases  have  evideutly  no  analogy^  with  those  of  partial 
Tetention,  and  can  therefore  not  tell  against  the  views  here 
adopted, 

Ammoniacal  urine  is  always  fetiil,  pale,  and  turbid,  from  the 
precipitation  of  pliosphate  of  ammonium  and  magnesium,  and 
phosphate  of  calcium.  The  3melh  and  the  presence  of  the 
crystals  of  ammonio-phospbate  of  magnesium,  easily  distinguish 
it  from  urine  which  is  only  turbid  by  alkalinity  from  fixed  alkali,* 
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and  contains  a  precipitate  of  phospliate  of  calcium,  or  phosphate 
of  calcium  and  magnesium.  Urine  wLieli  is  alkaline  from  the 
presence  of  dicarbonates  (after  Yicliy  water)  is  mostly  clear,  the 
earthy  phosphates  being  solnhle  in  the  excess  of  carbonic 
acid* 

We  have  thus  advanced  to  the  consideration  of  that  group  of 
alkaline  nrioes  which  impart  to  red  test-paper  a  permanent  blue 
colour,  showing  that  they  are  produced  by  fixed  alkalies.  When 
the  alkali  is  present  in  quantity  sutticient  only  to  neutralise  the 
free  acid  of  the  urine,  then  the  latter  exerts  uo  influence  upon 
any  test-paper  ;  it  is  neutral.  But  it  must  be  borne  in  mind  that 
the  reaction  of  healthy  urine  beiog  acid,  neutrality  of  the  fluid  in 
itself  denotes  alkalinity. 

While,  on  the  one  hand,  the  presence  of  free  volatile  alkalies 
in  tlie  urine  is  always  pathological,  the  alkalinity  from  fixed 
alkalies  on  the  other  hand,  though  it  may  be,  and  in  many  cases 
is,  of  a  morbid  nature,  occurs  moi-e  frequently  within  the  range 
of  perfect  health.  Certain  descriptions  of  vegetable  food,  and  a 
series  of  acid  fruits,  make  the  urine  alkaline  in  a  xery  short  time. 
The  salts  of  many  of  the  organic  acids,  sucli  as  acetates,  tartiatea, 
citrates,  and  malates,  are,  by  the  oxydising  iiitiuence  of  the 
chemistry  of  the  body,  converted  into  the  carbonates  of  their 
respective  bases,  and  being  as  such  discharged  with  the  urine, 
give  it  their  characteristic  reaction.  It  is  for  this  reason,  and 
some  others,  tiiat  the  urine  of  herbivora  is  frequently  alkaline. 

In  man  this  description  of  alkalinity,  which  may  occur  tor 
hours  or  days,  or  at  a  certain  time  after  meals,  is  of  no  practical 
importance.  It  becomes  so,  however,  when  it  is  the  consequence  of 
tbe  use,  as  medicines,  of  the  caustic  alkalies,  soda  and  potash,  and 
of  the  earths,  magnesia  and  lime,  or  their  carbonates.  This  arti- 
ficial disease  not  unfrequcntly  occurs  when  patients,  to  whom 
alkaline  remedies  liave  be.ni  prescribed  by  their  medical  advisei-s, 
continue  to  take  them  on  their  own  account  for  an  unreasonable 
length  of  lime. 

I  have  already  stated  that  the  neutral  or  alkaline  eonditirm  is 
of  frequent  occun-ence  w^itli  the  pale  urine  discharged  in  anaemic 
conditions.  Of  the  reason  of  the  alkaline  reactiou  in  these  cases 
we  can  as  yet  give  no  satisfactor}^  account.  But  it  seems  pro- 
bable  that  the  depression  of  the  organism  in  these  cases,  accom- 
panied as  it  is  by  faulty  nutrition  of  the  muscular  and  nervous 
systems,  does  not  allow  of  the  accomplishment  of  that  chemical 
process,  by  the  completion  of  which,  in  health,  acid  combinations 
are  discharged  from  the  tissues  and  blood. 

The  continuance  of  the  alkalinity  of  urine  from  any  cause,  but 
particularly  from  alkaline  fermentation  aud  the  maladministra- 
tion of  tixed  alkalies,  for  any  length  of  time,  is  to  be  considered 
a  serious  evil     For  the  phosphates  of  magnesium  and  calcium, 
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being  precipitated,  and  mixing  with  the  increased  amount  of 
mucus,  may  at  any  tiiue,  and  unawares,  fomi  a  stone,  with  all  its 
consequences ;  or  the  tnrbid  and  caustic  condition  of  the  urine 
may  give  rise  to  disea,sed  states  of  the  blaflder,  which  it  is  after- 
wards frequently  a  matter  of  great  diificulty  to  remove, 

Amount  of  Free  Acidity  in  the  Urifie, 

While  the  amount  of  free  aikahmirf  seems  never  to  have  en- 
gaged the  attention  of  any  inquirer,  the  amount  of  free  acidity 
has  been  estimated  i^epeatedly,  Vogel  found  it  equal  to  from 
2  to  4  grains  of  oxalic  acid  for  24  hours  in  a  liealtliy  man.  This 
amounts  to  01  to  0'2  grains  per  hour.  The  hourly  quantities, 
however,  are  subject  to  consideralile  variations,  dependent  upon 
the  time  of  the  day,  and  these  variations  are  pretty  parallel  in 
different  individuals  examined  at  one  and  the  same  time.  Tlie 
maximum  amount  of  acid  is  discharged  during  the  night,  the 
minimum  during  the  forenoon,  and  a  quantity  intermediate 
between  those  of  night  and  morning  is  secreted  in  the  hours  of  the 
afternoon. 

Roberts  observed  the  acidity  in  the  urine  of  a  healthy  man 
during  nineteen  days^  and  found  that  it  required  for  neutralisa- 
tion on  an  average  14*1  grains  of  dried  carbonate  of  scKla  for 
each  24  hours.  Some  days  were  found  throughout  exhibitiog  a 
feeble  acidity,  the  minimum  of  sodic  carbonate  required  being 
59  grains ;  the  maximum  acidity  ever  observed  in  this  series 
was  neutralised  by  22 '3 9  griiins  of  sodic  carbttnate.  According 
to  Bence  Jones,  and  Eoburts,  meals,  whether  of  animal,  vegetable, 
or  mixed  food,  depress  the  acidity  of  the  urine  for  a  time,  and  in 
most  instances  render  it  actually  alkaline.  In  forty  minutes  after 
breakfast  there  appears,  nearly  always,  a  sensible  declension  of 
acidity.  The  urine,  however,  never  becomes  actually  alkaline, 
nor  ever  neutral,  so  soon.  The  acidity  falls  to  its  lowest  in 
about  two-thirds  of  the  observations  during  the  second  hour  after 
breakfast;  in  the  hist  third  it  does  so  in  the  third  hour.  At  the 
end  of  the  fourth  hour  the  urine  usually  regains  its  acidity.  The 
effect  of  dinner  is  not  perc  ptible  until  the  second  hour  after- 
wards. In  tlie  third  and  fourth  hours  the  urine  is  mostly  alkaline, 
and  at  the  end  of  the  sixth  hour  the  acid  reaction  has  been  re- 
stored. 

In  chronic  and  acute  diseases  the  amount  of  fi*ee  acid  in  the 
urine  is  mostly  diminished,  increased  only, in  exceptional  cases. 
Frequent  or  persistent  Edkaleaccnce  of  ihe  uiine,  from  fixed 
alkali,  occui-s  in  persons  with  debilitated  frames  from  spana-mia, 
chhirosis,  dysjiepsia,  chronic  vomiting,  rheumatism,  gout,  and 
chronic  puhnonary  phtliisis.  The  phyaiolugieal  explanation  of 
these  phenomena  has  not  yet  been  furnished. 
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Changes  on  Cooling. 

In  colour  the  uriDe  becomes  a  trifle  darker  on  cooling ;  its 
peculiar  suiell  becomes  very  weak,  partly  l>ecause  it  does  not 
evaporate  any  longer  with  the  vapour  of  water,  partly  because 
there  is  less  of  it. 

The  epithelia  collect  in  masses  and  clouds  towards  the  bottom 
of  the  vessel,  leaving  the  supernatant  fluid  peiiectly  clear  and 
transparent 

If  the  urine  have  been  concentrated  and  dark,  it  will  fre- 
quently deposit  a  reddish  crust  against  the  walls  of  the  vessel 
contaiuing  it.  This  crust,  and  the  pulverulent  deposits  of 
urates,  w4iich  are  formed  at  different  stages  of  the  process  of 
cooling,  may  occur  in  persons  enjoying  apparently  i>erfect 
health. 

As  a  general  rule,  it  may  he  said  that  the  more  coloured  a 
deposit  of  urates  is,  the  longer  time  has  it  required  for  its  fonua- 
tion.  A  lady  having  lost  her  child,  was  ol»liged  to  retain  the 
milk  in  her  breasts.  WTien  the  painful  swelling  of  the  bosom 
had  ceased,  she  discharged  urine,  which,  on  touching  the  vessel 
in  which  it  was  received,  became  white  like  milk,  and  was 
brought  to  me  as  milk.  Wlien  only  a  small  quantity  was  passed, 
the  milk-white  coudition  was  at  once  apparent;  the  vessel 
withdrawing  a  sufficient  amount  of  w^armth  from  the  urine  to 
precipitate  the  urate.  But  when  a  larger  quantity  was  passed, 
the  first  portion  made  a  precipitate,  which  was  redissolved  as  the 
larger  portion  w^as  added.  Ten  minutes,  however,  were  sufficient 
to  make  the  precipitate  appear,  which  consisted  of  snowy-white 
uratea*  Park-coloured  urines  mostly  throw  down  the  urates 
ftfl^  standing  during  some  time*  In  a  case  of  heart-disease  with 
dropsy,  the  brownish-red  urate  only  fell  after  twenty -four  hours; 
in  a  case  of  colic,  only  after  twelve  hours.  In  these  case^  the 
depression  of  temperature  could  not  have  been  the  only  influence 
exerted  upon  the  urine,  because  in  each  case  the  urine  must  have 
been  of  the  temperature  of  the  air  long  before  the  deposit  fell. 

In  some  few  ca^es  the  urine  may  become  alkaline  during  the 
process  of  cooling. 

If  sediments  are  discharged  with  or  formed  in  the  urine  they 
subside  towards  the  bottom  of  the  vessel.  Among  the  sediments, 
besides  mucus,  the  urates,  uric  acid,  and  the  oxalate  of  lime  are 
most  common.  Most  other  deposits  are  due  to  the  decomposition 
of  urine^  and  of  the  urates  in  some  cases. 


CHAPTER  IT. 
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MODES  OF  COLLECTING  THE  URLNK 

The  reqii moments  are  to  collect  the  whole  of  the  urine  without 
losing  any  f»uitioD,  atid  to  collect  it  in  such  a  niamier  as  to  pre- 
serve it3  purity.  It  is  essential  to  keep  till  vessels  used  for  the 
purpose  acmpulously  clean,  and  to  wash  and  scald  them  at  least 
once  a  day.  If  practising  among  the  paor,  the  physician  will  find 
it  necessary  to  order  that  the  chamber-v^essel  he  kept  covered 
when  not  used,  in  order  to  protect  it^  contents  from  the  admixture 
of  impurities.  In  some  diseases  it  is  desinthle  to  collect  in  sepa- 
rate vessels  the  several  portions  of  urine  passed  at  ditrerent  times. 

In  hospitals  and  other  puhlic  institutions  a  convenient  form  of 
glass  is  in  use,  consisting  of  a  flat  bc^dy,  a  turned -up  narrow  neck, 
and  a  uiouth  fitted  to  the  rerpiirements  of  the  sex.  These  glasses 
should  have  marks  engraved  upon  them  indicating  50  c.c.  each. 
The  physician,  on  corning  to  the  bedside,  wuidd  then  be  enabled 
to  inform  himself  by  a  glance  of  the  total  quarrtity  of  urine  col- 
lected  ;  and,  if  none  were  lost,  of  the  buik  excreted. 

In  some  hospitals  the  ancient  unn<al  is  still  in  use  ;  its  only 
advantage  over  t!ie  ordinary  vessel  is  its  being  made  of  glass ;  its 
shape  is  less  convenient  than  that  of  the  glasses  described  above, 
which  admit  of  the  discharge  of  urine  in  the  recunil^ent  or  any 
other  posture, 

In  many  cases  the  difficulties  in  the  way  of  collecting  the 
whole  of  the  urine  discharged  in  twenty-four  hours  are  great,  and 
unless  a  special  apparatus  be  employed,  a  certain  loss  is  nearly 
unavoidable. 

The  matter  becomes  more  emban-assing  in  cases  of  severe  ill- 
ness, where,  unfortunately,  with  the  importance  of  the  indications 
to  be  derived  from  the  t[uantity  and  rjuality  of  the  urine,  the 
obstacles  to  a  coni|>lete  collection  become  greater.  Patients  in  a 
delirious,  or  unconscious,  or  paralysed  state  will  retain  or  pass 
unconsciously  a  part  or  the  whole  of  their  rentd  and  alvine 
excretions.  Here  we  must  estimate  the  losses  from  known  and 
collected  quantities  in  [jroportion  to  time  and  from  the  evidence 
to  be  derived  from  inspection. 
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lo  tliia  manner  we  may  obtain  the  nearest  possible  approach 
to  truthful  observation.  Unless,  however,  all  the  cautions  are 
employed,  we  would  strongly  recommend  that  too  nice  con- 
clusions should  not  be  based  upon  sucli  incomplete  observations, 
though  they  even  give  to  the  tliinking  practitioner  points  of 
evidence  to  which  he  may  iippend  his  reik^ctions,  and  wliich  may 
be  taken  into  account  in  iorming  the  j»rognosis  of  a  case,  or  in 
tracing  out  a  plan  for  thempeutical  proceedings. 


TOTAL  QUANTITY  OF  URINE  BISCHABGED  IN  A  GIVEN  TIME. 

Any  attempt  to  make  a  quantitative  anolj^is  of  the  urine 
for  the  purjioses  of  physiological  or  pathoh^gical  research  must 
be  based  upon  the  knowledge  of  the  total  amount  of  urine 
dischai^ed  in  a  given  time.  Some  atithors,  though  perfectly 
well  aware  that  in  all  cases  where  any  approach  to  accuracy  in 
,the  determi nation  of  the  specific  gmvity  is  recpiired,  an  avemge 
^  imple  from  the  urine  passed  in  twenty-four  hours  must  be 
selected,  have  yet  formed  no  settled  idea  of  the  necessity  of 
knowing  the  whole  amount  of  urine  discharged  during  the 
twenty-four  hours.  It  could  have  been  only  by  losing  sight  of 
this  point  that  they  recommeoded  the  dt.derminatiou  of  the 
avemge  density  of  the  urine  from  the  density  nf  a  mixture  of 
the  urine  passed  immediately  before  going  to  bed,  and  of  that 
voided  on  rising  in  the  morning.  But  of  what  use  is  it  to  know 
density  at  all,  if  from  the  density  we  cannot  calculate  the  whole 
of  tlitj  solids  discharged  in  a  given  time  ?  For  this  we  must 
know  the  whole  amount  of  urine. 

We  may  either  collect  the  whole  bulk  of  urine  paased  in 
twenty-four  hours,  or  in  every  single  hour,  or  in  as  many 
portions  of  the  twenty-four  hours  as  convenient  But  it  should 
always  be  expressed  in  a  value  calculated  upon  the  twenty- 
four  hours,  or  upon  every  single  hour.  In  many  chronic  and 
acute  diseases  we  must  collect  and  analyse  the  urine  for  seveml 
days  in  succession,  in  order  to  anive  at  a  correct  conclusion 
ui>on  the  aveiuge  conditiom 

The  amount  of  uiine  is  best  determined  by  measuring  in  the 
graduated  urinals;  or,  if  more  accuracy  is  desirable,  in  high 
graduated  cylinders  of  a  capacity  vaiying  from  500  c,c.  to  2000 
c.c  The  large  cylinders  have  marks  for  every  10  c.c.  The 
small  cylinders,  wliicli  are  to  serve  for  measuring  the  quantities 
of  urine  of  a  shorter  period,  say  one  hour,  should  be  divided  into 
single  cubic  centimetres. 

Both  descriptions  of  cylinders  should  be  provided  with  lips 
for  pouring  out  their  contents. 

If  it  is  desirable  to  know  the  weight  of  a  certain  bulk  of  uriue» 
%vitbout  actually  weighing  it,  it  is  only  necessarj"  to  multiply  the 
number  of  cubic  ceutimetres  found  by  measure  into  the  number 
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expressing  the  specific  gravity ;  the  result  will  give  the  quantity 
in  grammea,  thus — 

IDOO  c,c.  X  1  026  (spec,  gr.)  =  1025  graaimes. 
250  C.C.  X  Um       „  =  255-25      ,, 

Quantity  of  Urine  Discharged  in  Hmlth 

In  valuing  the  physiological  effect  of  the  variations  of  the  dis- 
charge of  urine,  it  must  always  be  borne  in  uiind  that  the  water 
discharged  in  the  nrine  is  only  a  part  of  the  water  excreted  by  the 
whole  body.  According  to  our  best  estimates,  one-half  of  all 
the  water  ingested  into  the  body  goes  away  by  the  kidneys ;  the 
other  lialf  by  the  lungs,  the  skin,  aud  the  feces  together. 

The  quantity  of  urine  dischai-ged  in  twenty-tbur  hours  by 
healthy  aduli  persons  has  been  determined  by  various  observers. 
The  results  of  some  of  their  observations,  together  with  the  re- 
sults of  my  ownj  are  arranged  in  the  following  table : — 

TohU  ikowinQ  the  total  quantity  of  Urine  discharged  in  givm  iintes  hy 
heaUhy  imiimduali. 


ObMTTSr. 

Subjects. 

Foand  In  One  Uvtar. 

Foand  in  S4  HoTim 

Coble  ceallmBtreifl, 

CobU:  ceoUmetret, 

Mia 

U«d. 

Max, 

Mm, 

Med. 

Mu,     1 

Lecanu     .    , 

— 

,„ 

743 

1268 

2271 

Valentin  .     , 

Himself,    medium 
of  three  daya. 

-„ 

... 

.,. 

"• 

1447 

... 

Himadf,  under  or- 
dinary     ciicum- 

,** 

"' 

"*• 

,.. 

1057 

••• 

Ditto  ,     ,    . 

Himself,        when 
living  irregularly. 

,.. 

*- 

— 

909 

••• 

1202 

Well-fod     perftcms 
who  drink  much. 

60 

i** 

70 

1400 

.,. 

1600 

Well-fed     perftOM 

50 

»,, 

60 

1200 

■  i  • 

1400 

Biiiclioff, 

who  drink  le«s. 

Vogel,  and 
athera. 

For      one      kilo- 

,1 , 

1 

**. 

«*• 

24 

*.. 

gram  me  of  weight 

ofadulL 

For      100    centi- 

,,. 

40  1 

*,, 

*«* 

960 

*». 

metres  of  length 

of  adult. 

Thndichtim   , 

A  J  a  man,  apt  28; 
weight,  70  kil<»., 
seven  ty-six  daya. 

43 

81 

121 

1049 

1950 

2920 

Bitta  .    •    . 

B,  man,   a?t    28  ; 
weight,  72  kilos., 
fifty-seven  days. 

One  kilogramme  of 

43 

71 

110 

1040 

1723 

2655 

Ditto  ,    .    . 

,,, 

VI 

t  *■ 

**• 

26 

*«■ 

weight  of   adult 

man. 

Ditto  *    .    . 

100  centimetrrs  of 
length  of  adult. 

44 

"• 

«*» 

1061 

»,♦ 
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Among  the  influeiices  which  determine  the  quantity  of  urine, 
many  are  inherent  in  the  mode  of  life,  others  are  entirely  inde- 
pemlent  of  any  act  of  the  individual  Of  the  former  are  the 
quantity  and  quality  of  food  aiid  drink,  and  the  amount  of  per- 
Bpimtion  caused  l>y  activity. 

The  iugestion  into  the  system  of  krge  quantities  of  water, 
tea,  coffee,  beer,  (weak)  wine,  &c.,  may  in  a  short  time  raise  the 
hourly  quantity  of  urine  from  60  to  70  ex.  to  300,  600,  700  c,c., 
and  more. 

The  quantities  of  water  consumed  by  persons  who  undergo 
treatment  with  mineral  waters  is  sometimes  very  large.  A  dis- 
charge of  urine  up  to  1000  ex.  per  hour  ia  here  not  an  uncom- 
mon occurrence-. 

Abstinence  from  drink,  on  the  other  hand,  diminishes  the 
secretion  of  urine  ;  but  this  diminution  is  not  exactly  in  inverse 
projiortion  to  the  increase  l>y  drink.  The  urine  does  not  sink 
below  a  certain  quantity,  even  in  cases  of  total  abstinence  from 
food  and  drink.  "With  a  dry  diet  the  urine  may  sink  from  the 
medium  of  86  c*c.  per  hour  under  ordinary  diet  to  as  low  as 
37  ex. 

The  temperatiue  of  the  atmosphere,  the  amount  of  moisture 
diliused  in  it,  and  its  tension,  are  influences  over  which  tlie 
individual  has  only  partial  control.  The  amount  of  moisture^ 
therefore,  which  is  exhaled  by  the  lungs  and  skin— though  of 
coureie  dependent  in  pait  on  the  amount  of  water  present  in  the 
blood,  on  the  relative  excretory  activity  of  the  organs,  and  on 
the  bodily  state  of  the  individual— is  partly  determined  by 
atmospheric  influences. 

Certain  regular  variations  in  the  hourly  c|uantity  of  urine  are 
produced  by  the  influences  of  day  and  night.  During  the  sleep 
of  night  only  58  c.c,  of  urine  per  hour  are  excreted ;  in  the 
morning  the  medium  is  69  ex, ;  after  dinner,  if  taken  about  the 
middle  of  the  day,  or  after  luncheon,  the  amount  of  urine 
becomes  largest — 77  c.c,  and  sinks  again  in  the  evening  to  73 
cc,  when  even  a  late  dinner  will  not  influence  it  so  much  as 
might  be  supposed  from  the  observations  after  an  early  dinner. 
Nothing  could  better  demonstmte  the  influences  of  activity  and 
rest  upon  the  quantity  of  urine  than  the  diflerences  between 
the  secretion  during  day  and  night. 

Not  only  is  there  a  greater  production  of  effet^e  matter,  during 
waking  and  exercise,  requiring  to  be  discharged  from  the  blood 
than  during  sleep,  but  also  the  execretoiy  activity  of  the  kidney 
is  higher,  in  consequence  of  the  transference  of  the  nervous 
stimulus,  and  from  the  stimulant  action  of  ceilain  substances  of 
aliment,  such  as  coffee,  porter,  onions,  and  many  other  articles 
of  diuretic  property.  This  transferred  nervous  and  direct 
stimulus  may  be  brought  to  bear  upon  the  kidneys  at  any  hour 
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of  the  day  or  night,  and  it  is  therefore  that  persons  working 
with  either  miud  or  body  during  the  night,  discharge  as  much 
urine  as  during  the  same  activity  in  the  da3^irae.  On  the  other 
hand,  sleep  and  inactivity  in  the  daytime  wiU  diminish  the 
quantity  of  urine. 

To  recapitdate :  the  physiological  quantity  of  urine  is  de- 
pendent, on  the  one  hand,  upon  the  amount  of  water  introduced 
into  the  blood,  or  abstracted  from  it  by  other  excretory  organs; 
and,  on  the  other  hand,  upon  the  excretoiy  activity  of  the 
kidneys. 

QUANTITY  OF  URINE  DISCHARGED  IN  DISEASE. 

Though  in  patients  all  the  influences  which  determine  the 
quantity  of  urine  in  health  may  combine  with  the  influences  of 
the  disease,  yet  as  a  general  rule  the  consideration  of  the  total 
quantity  of  urine  in  a  great  number  of  diseases  will  convince  us  i 
that  its  variation,  or  a  certain  mode  of  variation,  forms  one  of 
their  essential  symptoms^  In  the  long  run  the  character  of  the 
disease  will  determine  the  character  of  the  urine»  however  the 
satisfaction  of  an  accidental  thirst  of  the  patient  may  increase 
it  for  a  time,  or  liowever  much  it  may  have  been  diminished 
by  vomiting,  diarrhoea,  perspiration^  or  increased  pulmonic 
exhalation. 

In  the  previous  remarks  we  have  seen  the  maximum,  medium, 
and  minimum  quantities  of  urine  discharged  in  given  times  by 
given  weights  of  individual  This  must  form  the  basis  of  any 
attempt  at  judging  whether  the  quantity  of  urine  in  a  given  case 
of  disease  ia  less  or  more  than  the  same  individual  would  be 
likely  to  discharge  during  healLh.  The  only  caution  necessary 
is  to  allow  a  sufficient  margin  for  accidental  variations.  If  we 
do  so,  the  practical  conclusions  arrived  at  from  a  consideration 
of  this  point  are  as  valuable  as  any  of  the  most  pathognomonic 
objective  symptoms.  As  an  exanjple,  we  will  assume  the  case 
of  an  average  adult  individual.  We  know  he  does  not  drink  a 
great  deal  when  well,  and  may  therefore  put  down  his  medium 
quantity  of  urine  for  twenty -four  hours  as  1300  ex.  This  in- 
dividual has  become  ill,  and  we  now  ascertain  that  his  urine  for 
twenty-four  hours  only  amounts  to  400  c.c.  We  are  at  once 
justified  in  the  conclusion  that  the  disease  has  brought  about 
a  diminution  of  the  bulk  of  the  urine  to  less  than  one-third  j 
its  ordinary  medium.  Experience  teacher  us  the  consequences 
likely  to  follow  the  condition  of  the  system,  of  which  this 
lessened  quantity  of  urine  is  a  symptom.  The  symptom  therefore 
has  a  high  diagnostic  and  prognostic  value,  as  we  shall  presently 
more  particularly  show.  An  inci^ased  amount  of  urine,  on  the 
other  hand,  to  about  2500  or  3000  c.c,  in  a  patient  who  in 
health  would  discharge  from  1600  to  1700  c,c,  is  an  evident 
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excess,  which,  if  not  traceable  to  any  special  accidental  cause, 
and  if  permanent,  aa  in  diabetes,  is  the  main  and  principal 
symptom  of  the  disorder^  and  therefore  the  almost  exclusive 
means  of  its  diagnosis, 

It  IB  a  general  experience  that  the  quaivtiiy  of  the  urine  is 
diminished  in  all  acMc  febrile  diseases,  viz.,  in  exanthemata,  in 
low  gastric  fevers  and  typhus,  in  rheumatic  fevers,  in  all  inflam- 
matory diseases,  such  as  pneumonia,  pleiiritis,  and  bronchitis, 
and  in  the  inflammatory  fevers  of  tropical  climates  or  miasmatic 
regions.  In  all  these  diseases,  and  in  many  more,  a  ccmsiant 
diminution  of  the  quantity  of  urine  is  accompanied  by^  and  tliere- 
fore  paihoffnoTnanic  of,  a  constant  increase  in  tJic  intensity  of  th^ 
disorder.  When  Die  quantity  of  urine  remains  very  low  {behw 
800  ex,  per  day)  for  any  lenyth  of  time,  then  we  may  conclude  that 
tlie  intensity  of  Oie  disease  lias  not  abated,  A  canstant  increase  in 
the  quantity  of  the  urine^  hovm^er,  is  a  favourable  symptom,  and 
shows  that  the  patient  has  passed  the  acme,  and  that  the  diseased 
acHon  is  abating.  During  the  period  of  conmilescence  the  quantity 
of  urine  bccmnes  Twrmalt  or  exceeds  in  some  cases  the  normal 
quantity. 

Thus  a  man,  who  had  measured  his  urine  during  healthy  and 
found  the  average  to  be  1800  ac.  in  24  hours,  became  the  subject 
of  typhoid  fever.  During  the  first  three  days  of  the  illness  the 
total  quantity  of  urine  fell  gradually  to  200  c.c.  in  24  hours  ;  it 
rose  during  the  next  five  days  regularly  up  to  the  normal  1800 
0,0.,  exceeded  the  amount  soon  up  to  2200  c.c,,  and  then  returned 
gradually  to  the  usual  average  quantity, 

}Vhen  a  disease,  acute  or  chronic,  takes  a  fatal  turn,  the  quantity 
of  urine  becomes  frequently  very  lata,  or  remains  in  a  fluctuating 
Imo  state.  This  is  the  case  in  all  diseases  ending  with  or  by  ex- 
haustion. In  cases»  however,  the  fatal  termination  of  which  is 
due  to  a  more  sudden  interference  with  the  powers  of  the  nerv- 
ous system,  or  with  the  mechanical  action  of  the  lungs  and  heart, 
the  quantity  of  the  urine  is  not  usually  very  much  diminished. 

The  quantity  of  urine  is  matcriaUy  diminished  in  dropsical 
diseases,  unth  or  witJvout  diseased  kidneys.  Common  practice  has 
made  the  amount  of  urine  discharged  by  such  patients  the  index 
of  their  improvement  or  other%vise,  and  has  made  a  small 
quantity  of  urine,  in  cases  in  which  the  cause  of  the  disorder  is 
not  the  kidney  itself,  an  indication  for  the  administration  of 
diuretics. 

The  quantity  of  the  untie  is  materially  increased  in  those 
diseases  which  we  c&mmanly  term  diabetes.  In  these  cases »  how- 
ever, as  in  cases  of  diseased  kidneys,  it  is  necessary  to  give  par- 
ticular attention  to  the  quality  of  the  urine  at  the  same  time, 
when  the  distinctions  between  hydruria,  diabetes  insipidus,  and 
diabetes  mellitus  will  become  evident 
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S0UD3  AND  WATER — SPECIFIC  GRAVITY, 

The  direct  way  of  determining  the  amount  of  solids  contained 
in  a  given  quantity  of  urine  is  by  the  evaporation  of  the  water. 
This  is  best  done  under  the  receiver  of  the  air-pump,  care  being 
taken  not  to  make  the  urine  boil,  in  order  to  prevent  lc:kss  from 
tlie  bui'sting  of  the  bubbles  evolved.  By  placing  into  the  receiver 
aijy  body  capable  of  freely  absorbing  water,  such  as  sulphuric 
acid  or  quicklime,  the  vapour  may  Ijc  absorbed  as  soon  as 
evolved,  and  in  this  way  a  vacuum  for  air  and  vapour  may  be 
kept  up,  under  the  influence  of  which  the  urine  will  rapidly 
get  dry. 

The  vessel  in  which  the  urine  is  exposed  should  be  rather 
flat,  so  as  to  give  the  largest  possible  surface  for  evaporation, 
and  should  be  provided  with  ground  edges,  so  that  it  may  be 
closely  covered  with  a  glass  disc.  This  caution  is  required  in 
order  to  prevent  thf?  residue  from  absorbing  water  from  the  air, 
on  being  transferred  from  the  receiver  to  the  scales  for  weighing. 
The  weight  is  now  determined  in  the  closed  box  of  the  chemical 
scales,  the  air  surrounding  which  is  kept  dry  by  the  presence  of 
sulphuric  acid  and  chloride  of  calcium.  Then  the  vessel  with 
the  residue  is  again  removed  to  the  receiver  of  the  air-pump  ; 
after  it  has  been  exposed  for  a  time  to  the  evaporating  influence, 
the  covered  vessel  is  again  weighed ;  and  if  it  have  lost  nothing 
during  the  last  exposure,  the  residue  is  considered  to  be  perfectly 
dry.  Of  course,  if  it  have  lost  in  weight  between  two  weighings, 
it  must  yet  be  brought  repeatedly  into  the  vacuum,  imtil  the 
weight  remains  stationary. 

This  process  is  one  of  extreme  difficulty  and  great  expense  of 
time  ;  but  it  is  the  oidy  one  whicli  gives  accumte  results.  Less 
accurat-e  is  the  following  method,  in  which  the  evapomtioo  of  the 
water  is  efl'ected  by  the  assistance  of  heat.  The  objection  to  the 
application  of  lieat  in  this  process  is,  that  it  decomposes  a  certuin 
amount  of  urea,  which  is  volatilised  in  the  form  of  ammonia  and 
carbonic  acid.  This  objection  is  so  well  founded,  that  if  the 
products  of  evaporation  are  caught  in  a  cooler,  it  will  almost 
always  be  possible  to  find  traces  of  ammonia  in  the  condensed 
distillate. '  This  ammonia,  of  course,  must  not  be  confounded  with 
the  ammonia  proper  of  the  urine.  By  always  keeping  the  urine 
acid  during  evaporation,  the  decomposition  of  urea  may  be 
limited  to  a  minimum;  but  alkalinity  of  the  urine  will  favour 
the  destruction  of  urea  during  the  application  of  heat  How- 
ever»  where  no  air-pump  is  at  hand,  and  where  oi-diuary  results 
only  are  required,  the  method  now  to  be  described  is  still  of 
considerable  use. 

The  operator  pours  about  12  or  15  grammes  of  urine  by  weight 
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or  measure  into  a  porcelain  or  platinum  capsule,  which,  with  a 
well-closing  cover,  bad  been  counterpoised  beforehand.  It  is 
then  fitted  into  the  ring  of  the  water  bath,  so  that  the  greater 
part  of  its  outer  surface  is  surrounded  by  tlie  hot  water. 

If  the  solids  only  are  to  be  determined,  the  best  plan  is  to 
take  a  Hat,  small  evaporating  dish  for  the  operation. 

When  the  uriue  has  evaporated  to  an  apparently  dry  residue, 
the  capsule  must  be  transferred  to  an  air-hath, — a  box  of  copper, 
with  double  walla  and  a  shding  door  of  glass  in  front.  The 
substances  to  be  dried  are  placed  upon  a  sieve  of  perforated 
copper  or  gauze,  which  is  placed  in  the  interior  of  the  box  in 
such  a  manner  as  to  prevent  any  heat  conducted  by  the  metal, 
particularly  the  bottom,  from  reaching  the  substances.  Thus 
they  can  only  be  affected  by  the  hot  air,  the  temperature  of 
which  is  ascertained  by  a  thennometer,  placed  with  its  bulb 
inside  the  box. 

The  capsule  being  iu  the  air-bath,  the  air  is  now  heated  with 
a  spirit  or  gas4amp,  uuder  the  box,  to  110^  C,  and  is  kept  at 
that  temperature  from  half  an  hour  to  an  hour.  Being  ready  for 
weighing,  the  capsule  is  covered,  aud  allowed  to  cool  over  sul- 
phuric  acid. 

After  the  weight  of  the  capsule  and  contents  has  been  ascer- 
tained, it  is  again  expased  to  the  temperature  of  110°  C,  and  if, 
after  some  time,  a  second  weighing  does  not  show  a  further  loss, 
the  residue  may  be  considered  as  dry- 

We  now  find  by  easy  calculation  the  amount  of  water  evapo- 
rated, and  the  amount  of  solids  contained  in  a  given  quantity  of 
urine.  If  the  total  quantity  of  urine  dischai^ged  in  twepty^four 
hours  be  known,  the  total  of  solids  discharged  therewith  is  readily 
found  :  for  the  quantity  of  mine  (w)  taken  for  evaporation  stands 
to  residue  (r)  found,  in  the  same  proportion  as  the  total  quantity 
of  urine  (U)  dischai^ed  in  twenty-four  hours  stands  to  the  (R) 
aolids  dissolved  in  it. 

u  :  r  =  V  I  x;  hence  x  — =  R. 

.  u 

For  example,  let  the  quantity  of  urine  experimented  on  be  10 
grammes,  the  quantity  of  solid  residue  in  it  0*23  grammes,  the 
total  quantity  of  urine  dischaiged  1000  grammes,  then 


0-23  X 1000 


10 


^23  grammes^ 


the  total  quantity  of  solids  dissolved  in  the  urine. 

As  the  urine  is  a  solution  of  sevei^al  substances  in  water,  their 
amount,  vi^,,  the  amount  of  solids  contained  in  any  gi  ven  quan- 
tity, may  be  ascertained  by  finding  the  specific  gravity ;  for  the 
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AfiotW  and  more  convenient  mode  of  finding  the  specific 
mifiij  of  ibe  urine  in  foiuuled  cm  the  fact  of  Immersed  dolids 
wqiliefaM  a  bulk  eoual  to  their  own.  For  this  purpose  a  solid 
ItMi tadlia  nmtlt  the  lots  of  which,  when  weighed  in  water,  is 
Known.  Anrt  pfrirmni^nUv  recorded  It  is  then  weighed  while 
ifnrner^ed  in  tiring,  nnd  ita  loai,  aa  compared  with  its  weight  in 
air,  In  i^4?rUitml  Then  ita  lots  when  weighed  in  the  urine, 
iVivUhd  \fy  ifn  loaa  when  weighed  in  water,  will  be  the  specific 
umvii/  r«'<|iiir«>d- 
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Ex,  A  glass  ball  lost  50  0  grammes  when  weighed  in  water, 
and  51*2  when  weighed  in  urine, 

500 

Though  the  two  methods  last  described  do  not  require  so 
much  time  and  weighing  as  the  first  two  methods,  still  they  are 
sufficiently  troublesome  to  exclude  them  from  general  application. 
The  only  method  of  ascertaining  the  specific  gravity  of  urine  for 
the  practical  purpot?e5  of  diagnosis  and  prognosis  at  the  bedside, 
ia  tlie  use  of  the  gravimeter,  or  areometer,  which,  when  destined 
to  he  used  for  the  urine  only,  should  be  called  urogravimeter,  but 
has  been  wrongly  termed  urinometer.  The  mode  of  action  of 
this  instrument  depends  upon  the  fact  of  solids  of  a  given  weight 
sinking  deeper  in  light  than  in  heavy  fluids. 

The  urogravimeters  are  generally  made  of  glass,  and  conse- 
quently are  apt  to  break;  but  their  advantages  are,  cheapness, 
and  the  property  of  the  glass  to  compensate  by  expansion  or 
dilatation  for  any  diminution  of  the  density  of  the  urine  by  a 
higher  temperature  between  15*5°  and  26 '6  C. 

Ordinary  gravimetei-s  only  admit  of  reading  half  division  of 
degrees  of  specific  gravity  so-caUed;  and  if  the  instrument  is 
small,  these  divisions  come  so  near  together  that  it  is  sometimes 
impossible  to  say  which  division  corresponds  to  the  proper  level 
of  the  fluid.  In  order,  therefore,  to  obtain  more  accuracy,  by 
having  more  divisions  and  by  having  them  farther  apart,  it  is 
advisable  to  divide  the  scale  upon  two  gravimeters,  of  which  the 
one  may  range  from  0  to  18,  the  other  from  18  to  36,  which  is 
beyond  the  density  of  almost  any  urine.  In  this  manner  we 
double  the  length  of  the  scale,  and  may  now  mark  and  read 
quarters  of  divisions. 

In  taking  the  specific  gravity  of  urine  it  ia  necessary  to  de- 
termine its  temperature  by  the  aid  of  a  thermometer;  [some 
specific  gravity  bottles  ai^  provided  with  a  thermometer,  the 
•  bulb  of  which  performs  the  function  of  stopper]  the  temperature 
should  be  10"  C,  being  the  average  temperature  to  which  moat 
gravimeters  are  adapted ;  or  if  it  ia  not  of  this  degree  naturally, 
it  must  be  brought  to  it  by  suitable  means. 

From  the  specific  gravity  so  found,  the  quantity  of  solid 
matters  present  in  tbe  urine  is  calculated  with  the  aid  of  a 
formula,  which  must  be  ascertained  from  the  results  of  the  more 

t  accurate  methods  we  have  described     Among  the  many  formulae 
so  given  two  only  appear  to  me  sufficiently  well  proved  to  advise 
their  adoption  in  practice.      The  first  and  most  convenient 
formula  is  that  of  Trapp : — 
d  ^  ditterence  between  1000  and  specific  gravity  of  urine. 
Formula :  d  X  2  ^  x  (total  of  solids  in  1000  parts)  ;  or 
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Bmlt:  Ti>  ind  the  amount  of  solids  in  any  given  bulk  of  urine, 
4iibfe  Ike  httL  Iwo  figoies  of  the  number  expressing  the  specific 
matA^i  tilt  pfodud  ifaowe  the  number  of  parte  of  soUcb  con- 
&m  li  way  llioimiid  parts  of  urine.  This  formula  ae^raa  to 
bf  tMrtinrhny  applicable  to  urine  of  a  low  specific  gravity,  £rom 
IwO  to  lOlS,  betng  the  range  of  the  first  gravimeter. 
Xht  leoood  foniiiil%  which  is  best  suited  for  urine  of  a  higher 
pmTt^,  from  1018  to  1U36,  the  range  of  the  second 
Eler,  »  ibai  of  Christison.  It  is:  d  x  2*33  ==  x.  and 
io  oibor  words:  multiply  the  last  two  figures  of  the 
MJuber  exmw»ing  the  specific  gravity  by  2*33,  and  the  result  is 
tiie  UAtl  of  parte  of  solids  in  any  1000  porta  of  urine.  The 
Wmtltii  of  the  calculations  with  this  formula  are  embodied  in  the 
f<jfnowiiig  Uibk :— 


•^m* 

lililOyiik 

•U^ir. 

So1M» 
IclOOOputa. 

%r. 

Solidi 

1010 

41194 

ias6 

60-&8 

1034 

79-22 

lOli 

44't7 

10^7 

62^1 

1036 

8166 

1010 

4IJW 

loia 

66-34 

1036 

83*88 

l<^l 

40*99 

10S9 

6767 

1037 

66-21 

lost 

AIM 

1030 

m^ 

IXM 

8864 

\im 

hzm 

1031 

72-23 

1089 

»87 

i*m 

MHi 

1032 

7466 

1040 

93*20 

itm 

5ll't6 

1033 

7680 

\ 

M^m  in  tbfa  way  found  the  number  of  parts  of  solids  in  any 
itmmmA  patt4  of  urine,  we  may  easily  calculate  the  whole 
AUKHUji  tA  mAiA^  iaeroted  with  the  urine  in  twenty-four  hours,  if 

*»f  '      '  "^ '*a|jied  the  quantity  so  secreted.     And  as  it  is  neces- 

li'  \m  weight  of  th€3  whole  bulk  of  urine  for  finding 

ti  '^ital  of  ifolidfi  contained  in  it^  the  weight  is 

1^  '^m  i\w.  sntjcific  gravity,  by  multiplying  the 

§0m  mff^sm^^  of  the  bulk  by  the  figure  expressive  of  the 
§p6tM£  tfrevity,  JJ^  the  ipecific  gravity,  therefore,  we  may 
i»^  U  of  ltjf*;rmaUon :  (1)  the  weight  of  a  given  bulk 

"^  Tnr/mit  of  iiolidfi  contained  in  urine. 

ismttd  ifi  twenty  four  hours  1250  grammes  of 
^  ^viiy  1 020,'     1000  grammes  of  this  urine 

i*'  ^itUiiM  uf  M^liib,  then 


M^ 


am  ffmmm  I  ififi  ijr,  ss  I2r>0  gr.  :  z 

i»  m  Smn  gr. 

1  iM^.-h^ji  tm  ti$i$  avifrago  60  c.c.  of  urine  per  hour, 
/'-^  -/  l*m      loort  parte  of  this  urine  hold 
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dissolved  24  parts  of  solids.    Wliat  is  the  amount  of  solids  in 
60  C.C.  ? 

1000  :  24  ^  60  :  aj 

X  —  1'44  grammea 

In  calculating  the  solids  from  the  specific  gra^aty,  we  are 
liable  to  commit  ao  error  amounting  to  one-tenth  or  one-seventh 
of  the  solids  actuiilly  contained  in  average  healthy  urine ;  and  the 
error  may  be  either  above  or  below  the  amount  actually  con- 
tained. In  concentrated  urines  and  the  urine  of  disease,  how- 
ever, the  ditference  between  the  calculation  from  the  specific 
gravity  and  the  real  quantity  may  amount  to  one-fifth,  or  even 
one-fourth  of  the  solids  actually  containetl  It  is  therefore 
possible  to  find  30  or  50  parts  of  solids  in  a  number  of  parta  of 
urine  which  positively  oidy  cont*ain  40,  This  is  the  worst  case ; 
but  it  shows  that  to  slight  fluctuations  in  the  specific  gravity, 
and  the  amount  of  solids  calculated  therefrom,  we  can  in  practice 
accord  no  importance.  If  we  find,  for  example,  that  an  individual 
discharges  on  an  average  55  grammes  of  solids  per  twenty-four 
hours  in  his  urine,  a  rise  to  60  grammes,  or  a  fall  to  50  grammes, 
per  twenty-four  hours,  cannot  be  considered  abnormal,  because  it 
may  be  that  the  diOerence  is  only  due  to  the  error  of  calculation 
to  which  the  method  is  sulyect;  and  the  individual  may  actually 
have  discharged  his  55  grammes,  or  any  number  of  grammes  be- 
tween the  50  or  60*  If  we  find,  however,  from  the  specific 
gravity,  that  a  person  who  on  the  average  discharged  60  grammes 
per  twenty-four  hours,  discharges  only  30  grammes,  we  are  per- 
fectly justified  in  dmwing  the  conclusion  that  this  person  voids 
a  much  smaller  amount  of  solids  in  the  urine  than  he  did  before; 
and  though  we  cannot  positively  say  whether  he  actually  dis- 
charges 30,  or  25,  or  35  grammes,  yet  30,  25,  or  35  are  so  gre^itly 
different  from  50,  55,  or  60  grammes,  that  the  diminution  cannot 
be  due  to  the  faults  of  the  method,  and  may  with  propriety  be 
used  as  evidence  for  the  diagnosis,  or  as  an  indication  for  the 
treatment  of  the  case. 

Many  authors  coincide  in  making  1020  the  average  specific 
gravity  of  urine,  and  if  of  this  urine  from  1400  to  1600  grammes 
are  discharged  during  twenty-four  hours,  the  gravimetrical 
method  gives  a  mean  amount  of  solids  of  from  55  to  60  grammes 
for  twenty-four  hours. 

100  kilogrammes  of  individual  discharge  on  an  average  4'1 
grammes  of  solids  per  hour,  100  centimetres  discharge  1*5 
grammes. 

The  amount  of  nourishment  acquired  from  ingested  food,  the 
intensity  of  the  destruction  of  matter  serving  the  purposes  of  life, 
m  found  by  the  comparison  of  times  and  quantities,  the  activity 
of  the  secreting  oigans  themselves — aU  these  factors  are  summed 
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up  in  the  total  quautity  of  solids  contained  ia  the  urine.  It  is 
natural  then  that  in  disease  generaUy,  iohere  lUtle  solid  food  %9 
bein^  iak^njhe  ammini  of  solids  sinks  from  the  dailt^60  to  60  and  ' 
40  grammes^  and  even  then  is  made  up  less  of  the  produce  of  the 
destruction  of  fresh  nourishment  in  the  blood  and  muscles  than 
of  disintegrated  tissues  and  their  interstitial  juices ;  in  other 
words,  is  formed  mostly  at  the  expense  of  the  body,  as  is  entirely 
the  case  in  simple  inanition.  A  patient  lives  on  his  own  albu- 
men and  fat  partly  durini:;  his  illness,  as  hybernating  animals 
do  during  the  winter.  The  consequence  is  loss  of  weight  or 
emaciation. 

I  have  now  spoken  of  disease  generally;  and  the  remarks  made 
of  course  apply  to  the  two  great  classes  of  disease,  acute  and 
chronic,  with  equal  force.  But  the  fluctuations  in  the  amount  of 
solids  occurring  in  both  are  of  a  very  different  prognostic  value ; 
for  in  chronic  disease,  with  a  limited  amount  of  sohds,  a  rise  in 
their  amount  is.  as  a  general  rule,  a  forerunner  of  considemble 
and  mostly  lasting  improvement,  and  indicates  that  the  body  ia 
actively  employed  in  renewing  the  material  of  the  organs  and 
rectifying  their  functions.  To  this  rule  diabetes  mellitus  alone 
forms  an  exception,  where  a  rise  in  the  amount  of  solids  indicates 
an  exacerbation;  and,  in  this  respect,  diabetes  forms  the  transi- 
tion from  chronic  to  acute  disease,  in  which,  on  the  whole,  a  rise 
in  the  amount  of  solids  in  the  urine  during  the  acme  is  an  un- 
favourable symptom,  indicating  an  excessive  disintegration  of  the 
tissues  and  juices  of  the  body,  which  must  necessarily  lead  to  ex- 
haustion of  the  material  substrata  of  life.  Under  all  circumstances, 
a  constant  and  gradual  decrease  of  the  amount  of  solids  is  as  ud- 
favourable  a  symptom  as  the  decrease  of  the  total  quantity  of 
uriiiB  discharged,  because  it  indicates  the  decay  of  life,  and  a 
probable  fatal  termination  of  the  case. 

The  indications  of  the  solids  appear  more  varied  as  soon  as 
they  are  considered  with  relation  to  the  amount  of  other  excreta. 
First,  as  regards  the  amount  of  water  by  which  they  are  accom- 
panied in  the  urine,  four  distinct  classes  of  cases  must  be  borne 
m  mind.  If  a  very  small  amount  of  solids  is  contained  in  a 
similar  amount  of  water,  we  may  conclude  upon  a  con-esponding 
amount  of  anaemia  in  the  individual,  always  provided  that 
disease  of  the  kidney  be  not  present.  In  the  latter  case  a 
small  amount  of  solids  indicates  the  retention  of  part  of  them, 
which  may  probably  end  in  unemia. 

If  a  small  amount  of  solids  is  contained  in  a  larger  or  large 
amount  of  water,  it  may  possibly  be  the  consB]uence  of  excess 
of  drink  of  some  kind.  Many  cases  of  hysteria,  of  anicmia  with 
hysterical  sjTnptcjnis,  are  accompanied  by  this  description  of 
urine.  It  is  the  essential  symptom  of  a  decided  improvement 
in  many  cases  of  hydriemia  and  dropsy;  and  when  it  occurs  in 


i 


QUAKTITY  OF  URINE  JLl^D  INGREDIENTS. 


27 


a  patient  with  no  particular  cause  to  account  for  it,  it  has  pro- 
perly been  termed  hydrnria.  The  urine  in  bydmria  may 
amount  to  between  2  and  3  litres,  and  show  specific  gravities 
varying  between  1005  and  1012,  indicating  an  excretion  of 
solids  not  exceeding  40  grammea  in  24  hours. 

When  the  amount  of  solids  becomes  larger,  but  still  remains 
below  the  standard  of  health,  and  the  amount  of  water  is  at  the 
same  time  diminished,  in  otlier  words,  in  diseases  with  a  small 
amount  of  urine  of  high  specific  gravity,  the  acuteness  of  the 
pathological  process  is  clearly  indicated.  Beginning  with  the 
physiological  excessive  perspiration,  there  are  many  pathological 
conditions,  as  the  sweat  of  fever,  thirst,  starvation,  diarrhcea, 
and  fever  of  essential  or  aymptomatic  nature,  of  which  this 
condition  of  urine  is  a  regular  symptom. 

In  the  fourth  class  of  cases  both  the  solids  and  the  water  of 
the  urine  are  present  in  excess.  They  form  a  special  and 
specific  class  of  diseases,  to  which  the  generic  name  of  diabetes 
has  been  given.  The  genus  has,  however,  only  two  species, 
of  which  the  one  is  distinguished  by  the  presence  in  the  urine 
of  sugar,  and  therefore  goes  by  the  name  of  diabetes  mellitus ; 
the  other  subdivision  comprises  cases  where,  in  a  large  amount 
of  water,  the  increased  amount  of  solids  is  made  up  of  other 
solids  than  sugar,  termed  diabetes  insipidus.  In  both  species  of 
diabetes  the  wear  of  the  body  is  considerable,  and  either  at 
intervals  or  throughout  the  course  of  the  disorder,  surpasses  the 
amount  of  nutriment  taken  in.  Diabetes  mellitus,  from  its 
chemical  interest,  and  the  facility  with  which  it  may  be  artifi- 
cially produced  in  animals,  has  been  favoured  with  more  atten- 
tion of  late  than  diabetes  insipidus,  a  disease  with  which  perhaps 
many  difficult  cases  of  hysterical  anfeniia  and  intractable  ail- 
ments will  have  to  be  chissed.  If  the  total  quantity  of  urine 
amounts  to  more  than  3000  ex.  per  day,  and  if  the  specific 
gravity  shows  an  excessive  amount  of  solids,  ranging  from  the 
normal  60  grammes  up  to  130  grammes,  or  even  more,  giving  on 
an  average  about  80  grammes  per  day,  we  may  then  with  perfect 
safety  ascribe  the  excessive  destniction  of  the  constituents  of 
the  body  to  this  excessive  secretion,  and  place  to  its  account  a 
number  of  symptoms  usually  following  in  its  train,  such  as  the 
pallor  and  the  headache  of  anaemia,  vertigo,  the  tenderness  of 
certain  dorsal  vertebne  on  pressure,  spasms  in  the  muscles  of 
various  parts  of  the  body,  loss  of  appetite,  loss  of  weight,  and 
emaciation. 

We  have  now  considered  in  its  bearings  the  observation  of 
the  amount  of  solids  in  relation  to  the  water  in  which  they  are 
contained ;  it  only  remains  to  draw  attention  to  the  important 
conclusions  to  be  derived  from  comparing  the  amount  of  solids 
secreted  by  the  kidneys  with  the  excreta  of  the  skin,  lungs,  and 
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bowels.  In  many  cases  of  dropsy  the  bowels  will  spontaneously 
compensate  partly  for  a  diminislied  discharge  of  urine ;  and  it 
is,  in  fact,  by  this  vicarious  discharge  that  drastic  purgatives  are 
of  service  in  disease  of  the  kidneyB.  The  skin  will  eliminate 
urea  in  cholera  in  such  quantities  that  it  may  be  collected  by 
washing  and  crystallisation,  and  its  amount  may  even  be 
determined.  The  lungs  will,  perhaps,  in  many  cases  take  on 
increased  action,  and  discharge  not  only  water,  but  also  carbonic 
acid,  to  compensate  for  a  diminished  secretion  by  the  kidneys 
and  skin.  A  diminution  in  the  amount  of  solids  in  the  urine 
requires  therefore  to  be  checked  by  the  amount  of  vicarious 
diBchaiges.  And  should  we  be  able  to  determine  at  the  same 
time  the  amount  of  the  ingested  nutritive  matters,  we  should  at 
once  be  in  a  position  to  balance  the  income  and  expenditure  of 
the  body,  and  thereby  not  only  to  foresee  the  probable  result, 
but  also  to  be  in  possession  of  the  indication  for  part  of  our 
treatment 
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UISTORT   AND   LITERATURE. 

Urea  ^was  discovered  by  Boerhaave  before  1720.  From  the 
English  translation  of  his  "  Method  of  Chemistry,"  by  Shaw  and 
Chambers,  Part  III.,  "  Processes  upon  Animals  "  p.  193, 1  quote 
the  following  paragraph,  as  it  is  the  best  vindication  for  that 
great  physician  of  the  merit  of  this  important  discovery : — 

"  Process  LXXXVII, 

"Showing  that  recent  urine  will  crystallise  hy  inspissatian, 
and  afford  an  essential  salt. 

"1.  The  Process. — ^Evaporate  a  large  quantity  of  the  recent 
urine  of  a  healthy  man  to  the  consistence  of  a  syrup,  with  one 
continued  degree  of  heat ;  separate  the  oil  from  it  by  the  filter, 
and  afterwards  put  it  into  a  close  vessel,  and  set  it  in  a  cool 
cellar  for  the  space  of  one  year;  it  will  shoot  into  a  thick, 
brown,  saline  glebe  or  crust,  at  the  distance  of  an  inch  or  two 
from  the  bottom  of  the  vessel ;  then  carefully  pour  off  all  the 
liquor  that  floats  above,  take  out  the  mass  of  saline  crystals,  and 
lay  the  matter  at  the  bottom  thereof  aside  for  phosphorus. 
These  crystals,  which  are  of  a  peculiar  nature,  being  dissolved 
in  pure  warm  water,  filtered,  and  evaporated  to  a  pellicle,  and 
set  again  to  shoot  in  the  cold,  will  again  run  into  crystals  sui 
generis,  or  a  white  purified  salt,  of  a  nature  different  from  all 
other  salts,  and  become  the  purer  the  oftener  the  process  is 
repeated;  so  that  it  may  justly  be  called  the  essential  salt  of 
urine,  or  of  the  human  body. 

"  2.  The  Nature  of  the  Production. — ^It  may  indeed  be  objected 
that  this  salt  is  not  obtained  but  by  sufiering  the  urine  to 
putrify,  which  is  true ;  nor  is  there  any  other  way  yet  known 
of  producing  it  Neither  will  the  addition  of  oil  of  vitriol,  or 
any  other  acid,  prevent  its  putrefaction,  so  strongly  is  it  inclined 
thereto.  It  cannot,  however,  be  said  that  this  is  the  common  or 
sea-salt,  which  will  evidently  appear  upon  the  comparison ;  this 
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being  totally  volatile  at  the  fire,  whereas  sea-salt  remains  fixed 
in  the  strongest  heat.     Neither  has  it  the  properties  of  borax, 
nitre,  sal-gem,  sal-ammoniac,  &c.,  but  is  really  a  salt  sui  generis^. 
and  not  to  be  matched  by  any  other  salt  in  nature.     The  process' 
for  making  it  is  indeed  tedious  and  laborious ;  and  it  cost  me  no 
small  pains  to  discover   in   what  manner  the  salt   did  really 
exist  in  the  human  body.     To  do  it  ^ith  the  greater  advantage,.] 
I  have  evaporated   more   than  two   hundi'ed weight   of  recent 
urine,  and  treated  it  in  the  method  already  delivered,  by  which 
means  I  came  to  a  knowledge  of  the  essential  salt  of  the  human 
body ;  and  upon  trial  find  that  it  is  of  a  wonderful  diuretic  and 
emmenagogic  virtue,  yet  without  any  sharpness  at  all»  being 
neither  alkaline  nor  acid. 

**  This  salt  cannot  be  so  easily  obtained  from  the  blood  or  bile, 
by  i"eason  of  their  grossness,  tenacity,  and  the  lai^ge  quantity  of 
oil  wherewith  they  abound  ;  but  readily  enough  from  urine, 
which  is,  as  it  were,  the  lixivium  of  the  blood." 

The  objectjoo  which  Boerhaave  himself  raises  to  his  process, 
we  now  know  to  be  unfounded.  Urine  concentrated  to  the 
consistence  of  a  syrup,  and  enclosed  in  a  stoppered  vessel,  does 
not  perceptibly  putrefy,  in  our  present  sense  of  the  word,  even 
if  kept  for  several  years.  It  can  therefore  not  be  doubted  that 
Boerhaave  obtaiuetl  urea  in  the  most  direct  manner,  and  recog- 
nised it  as  a  peculiar  organic  substance,  the  essential  salt  of  the 
human  body,  and  described  all  its  properties  as  far  as  the  means 
at  the  command  of  the  science  of  his  day  permitted. 

This  great  discovery,  however,  like  Proust's  discovery  of  the 
products  of  decompfisition  of  the  colouring  matters  of  urine,  lay 
dormant  for  more  than  fifty  years.  When  it  was  a^in  made,  it 
was  less  perfect  and  less  direct,  but  announced  with  an  e^^I^it 
sufficient  to  give  it  notoriety,  and  secure  a  permanent  registra- 
tion in  the  annals  of  science.  It  was  Kouelle,  the  younger,  who 
in  1773  conceived  the  idea  of  extracting,  with  spirit  of  wine, 
the  syrup  obtained  by  the  evaporation  of  urine,  commonly 
termed  "the  saponaceous  matter/*  He  found  the  extract  crystal- 
Ltsable,  but  believed  it  to  contain  hydrochloric  acid  as  an  essen- 
tial ingredient.  He  failed  in  what  Boerhaave  had  succeeded,  the 
sepamtion  of  urea  from  chloride  of  sodiunL  But  having  recog- 
nised  the  existence  of  that  peculiar  crystallised  extract  in  the 
uriue  of  man,  he  extended  his  researches  to  animals,  and  found 
the  urine  of  the  horse,  cow,  and  camel  to  be  impregnated  with 
the  same  subBtauce  as  that  of  man.  Having  extracted  the 
principal  crystalline  ingredient,  he  left  the  brown  syrup,  in- 
soluble in  spirit,  under  the  name  of  **  extractive,"  to  the  fikiU  or 
despair  of  subsequent  inquirers. 

History  tells  us  that  Margraaff  noticed  urea      Scheele  (Op. 
II,  207)   noticed  the  nitrate  without  elucidating  its  nature. 
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Cmickshank  ("Experim.  on  Urine,'*  p.  438,  et  stq.  of  Rollo's 
*'  Treatise  on  Diabetes  MeUitus/'  1798)  discovered  tlie  nitrate, 
and  accurately  described  many  of  its  properties.  He  declared  it 
to  be  ail  animal  acid  bitherto  unkiiowE,  and  wbose  basis  existed 
in  the  extractive  matter.  This  basis  was  in  the  following  year 
separated  by  Fonrcroy  and  Vatiquelin,  recognised  to  be  the 
crystallised  substance  of  EouelJe,  and  termed  urea  ("  Syst. 
d.Connais.  Chim."  10,  153).  Berzelius  was  the  first  to  obtain  it 
quite  colourless  by  means  of  oxalic  acid,  and  I*royt  ultimately  ob- 
tained it  quite  pure,  and  established  its  composition  (''Ann.  Chiin/* 
10, 369).  The  nature  of  the  change  which  it  undergoes  during  the 
putrefaction  of  urine  was  pointed  out  by  Proust  in  a  memoir  on 
the  urine  in  the  "  Ann.  Chim."  18Q0,  which  we  have  particularly 
noticed  under  the  beading  of  urochrome.  The  same  putrefactive 
process  was  investigated  by  Fonrcroy  and  Vauquelin,  and  subse- 
puently  by  Th^nard,  neither  of  whom,  however,  made  any  im- 
portant additions  to  the  observations  of  Proust. 

After  its  decomposition  to  cyanic  acid  and  ammonia  bad  been 
proved,  Wohler  produced  it  artilicially  by  evaporating  a  mixture 
of  cyanic  acid  and  ammonia.  For  this  artificial  preparation  of 
urea  Liebig  subsequently  gave  a  formula. 


OcCiiTTence  and  Modes  of  Formation. 

Urea  is  a  never-failing  ingredient  of  the  urine  of  man  and 

mammalia,  and  in  smaller  quantities  of  birds  and  reptiles.  As 
it  is  the  principal  product  of  the  metamorphosis  of  nitrogenised 
food,  it  occurs  more  copiously  in  the  urine  of  carnivorous  than  of 
herbivorous  animals.  Its  regular  occurrence  in  healthy  blood, 
and  the  inability  of  chemists  to  find  the  smallest  truces  of  it  in 
the  Juice  of  flesh,  speak  in  favour  of  the  opinion  that  it  is  pro- 
duced within  the  blood,  and  only  secreted,  but  not  made,  by  the 
kidneya  It  is  also  an  occasional,  but  perhaps  not  a  regular,  in- 
gredient of  the  sweat  of  man.  When  the  action  of  the  kidneys 
is  paiiially  or  totally  suspended,  urea  accumulates  in  the  blood, 
and  accompanies  in  larger  quantities  than  in  health  the  sweat 
secreted  under  these  circumstances,  and  passes  with  the  abnor- 
mally effused  serum  into  the  cellular  tissue  and  the  ca^'ities  of 
the  body.  The  sweat  and  dropsical  fluids  of  patients  labouring 
under  disease  of  the  kidneys  are  therefore  richer  in  urea  tlian  the 
sweat  of  healthy  jiersons,  or  the  serum  effused  in  cases  of  dropsy 
unconnected  with  kidney  disease  (Rayer  and  Guibourt,  "Gaz. 
Med.  de  Paris,'*  1836.  JuilL  ;  Miiller's  "Archiv/'  1837,  p. 
440),  In  cholera  the  secretion  of  urine  is  suppressed  for  a 
time,  and  consequently  the  blood  becomes  richer  in  urea  than 
usual,  and  a  considerable  amount  of  urea  is  found  in  the  persiura- 
tion  which  collects  on  the  skio,  and  in  the  cerebro-spinal  fluid 
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(Marcband,  "  Joom.  fiir  Pract.  Clieni "  11  (1837),  449).  Millou 
believes  to  have  found  urea  in  the  vitreous  and  aqueous  humors  of 
the  eye  (*'  Compt  Eend/'  26,  121).  Some  obsen^ers  also  claim 
to  have  found  urea  in  the  milk,  bliater-serum,  and  the  copious 
evacuations  produced  by  elaterium  of  persons  suffering  fn^m 
kidney  disease.  But  their  proceedings  and  teats  are  not  suffi- 
ciently methodical  to  be  admitted  without  questioning.  It  was 
formerly  believed  that  the  crystallisation  in  octehedra  of  common 
salt,  which  ordinarily  crystallises  in  cubes,  was  a  sure  sign  of  the 
presence  of  urea ;  and  Marchand  (*'  Joum.  der  Pract  CheuL*'  1838, 
p.  500),  observing  this  peculiar  form  of  crystals  in  the  extract  of 
the  blood  of  cows  and  calves,  pronounced  it  to  be  evidence  of  the 
presence  of  urea  in  it  But  we  now  know  that  this  occurrence 
may  be  the  result  of  the  presence  of  many  matters  besides  urea, 
and  may  frequently  happen  without  the  intervention  of  any  urea, 
and  may,  moreover,  fail  in  the  presence  of  urea.  It  has,  therefore, 
no  diagnostic  value  whatever,  and  all  statements  concerning  the 
occurrence  of  urea  based  upon  it  must  be  considered  as  erroneous. 

Urea  was  found  in  the  liquor  aranii  by  Wohler  ("  Ann.  Chem," 
58,  98),  but  is  certainly  present  in  exceptional  cases  only»  as  1 
have  shown  in  an  essay,  to  which  the  University  of  Heidelberg 
awarded  a  prize  medal. 

The  diffusion  and  presence  in  various  parts  of  the  organism  of 
urea  have  been  elaborately  inquired  into  by  two  French  physi- 
cians (Gallois,  "Joum.  de  Pharm.  et  de  Cbim/'  (3),  32,  64;  and 
Picard,  '*  Th^se,"  Strasbourg,  18^6).  But  their  methods  of  inves- 
tigation leave  much  to  be  desired,  and  have  in  no  case  been 
controlled  by  final  or  elementary  analysis  of  the  products  ob- 
tained 

When  a  mixture  of  cyanic  aciil  and  ammonia  is  evaporated,  crys- 
tals of  urea  are  obtaiued  (C5N/>  +  2NH,  +  H/)=2(CH,NaO)). 
The  same  combination  takes  place  when  a  metallic  cyanate,  such 
as  cyanate  of  potash  and  a  salt  of  ammonia,  such  as  the  sulphate, 
are  mixed.  A  double  decomposition  then  ensues,  from  which  sul- 
phate of  potash  and  cyanate  of  ammonia  or  urea  result 

When  carbonate  of  ammonia  enclosed  in  glass  tubes  sealed  at 
both  ends  is  heated  to  150°  for  some  hours,  a  minute  quantity  of 
urea  alfio  forms,  and  after  resolution  of  the  contents  of  the  tube 
in  water,  and  evaporation  of  the  carbonate,  gives  a  cbaract eristic 
precipitate  with  nitric  acid.  Other  observers  have  found  that, 
the  carbamate  of  ammonia  behaves  similarly  to  the  carbonate. 

Urea  is  a  frequent  product  of  reactions  instituted  with  several 
ingredients  of  urine>  such  as  creatine,  uric  acid,  and  with  some  pro- 
ducts of  their  decomposition,  such  as  allantoine  and  alloxane.  It 
is  observed  to  form  amongst  the  products  of  the  dry  distillation 
of  uric  acid,  and  of  the  oxydation  of  oxamide,  when  passed  through 
a  red-hot  iron  tube  or  heated  with  oxyde  of  mercury. 


Modes  of  extracting  Urta  from  Urim  and  otiur  Animal  Flnids, 

1.  A  quantity  of  caustic  bar^^ta,  in  the  proportion  of  5  giras* 
to  the  litre,  is  dissolved  in  urine  by  means  of  a  little  sieve  sua- 
f>ended  near  its  surface,  A  saturated  solution  or  nitrate  of 
bar^la  is  then  added,  until  a  precipitate  is  not  any  longer  pro- 
duced. The  fluid  is  then  filtered  from  the  precipitate,  neutralised 
with  nitric  acid,  and  evaporated  to  drj^ness  on  the  water-bath ; 
the  residue  is  extracted  with  alcohol ;  the  alcoholic  extract  is 
again  evaporated,  and  exhausted  a  second  time  with  absolute 
alcohol.  Thia  last  solution  contains  the  urea  very  pure,  so  that  on 
evaporation  and  standin*^,  it  crystallises  out  in  colourless  needles. 

2.  The  presence  of  albumen  in  urine  or  other  animal  fluids 
requires  a  uiodilication  of  this  process.  It  is  not  advisable  to 
remove  the  albumen  by  boiling  whenever  it  is  present  in  con- 
siderable quantity.  For  albumen,  on  passing  into  an  insoluble 
condition,  encloses  in  its  substance  a  certain  amount  of  urea, 
which,  when  only  little  urea  is  present,  as  in  blood,  may  amount 
to  the  entire  quantity  present,  and  cannot  afterwards  be  separated 
from  it  without  great  loss  of  time  and  trouble.  The  albuminous 
fluid,  therefore,  particularly  blood,  should  be  at  once  mixed  with 
absolute  alcohol,  tlie  precipitate  exhausted  with  spirit,  and  the 
united  extracts  evapomted.  From  these  concentrated  solutions 
all  that  baryta  can  precipitate  is  removed ;  the  filtrates,  after 
neutralisation  and  even  acidificatioo  with  a  little  acetic  acid,  are 
evaporated  to  dryness,  extracted  with  absolute  alcohol,  and  the 
extract  evaporated.  Any  urea  will  be  obtained  in  a  crystalline 
state*  It  should  be  crystallised  in  needles,  be  entirely  volatil- 
ised after  fusion  from  heated  platioum,  without  blackening,  and 
its  concentrated  watery  solution  should  yield  the  characteristic 
reactions  vrith  nitric  and  oxalic  acids,  and  nitrate  of  mercury. 
It  may  then  be  diied  and  weighed,  or  its  quantity  determined 
volumetrically. 

X  The  urine  is  evaporated  at  a  gentle  heat  and  reduced  to  a 
clear  extract,  in  the  manner  described  under  urochrome.  It  is 
then  mixed  with  an  equal  volume  of  nitric  acid  If  the  mixture 
is  allowed  to  get  hot,  a  considerable  efTer^'escence,  accompanied 
by  some  loss  of  urea,  is  observed  ;  but  the  crystals  subsequently 
obtained  are  much  less  coloured  than  when  the  mixing  has  been 
eflfected  gradually,  and  with  the  aid  of  refrigeration.  The 
crystals  are  placed  upon  bricks,  and,  when  dry,  dissolved  in 
boiling  water,  and  decolourised  by  animal  charcoal  The  solu- 
tion is  then  neutralised  by  carbonate  of  baryta  or  potash,  and 
concentmted  until  it  crystallises.  The  mother  Hquor,  containing 
nearly  all  the  urea>  is  decanted  fi^om  the  crystals  of  nitrate  of 
baryta  or  potash,  evaporated  to  dryness,  and  extracted  with 
alcohol.     The  solution  or  evaporation  will  furnish  pure  urea. 
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4.  The  clear  extract  may  be  mixed  with  a  concentrated  solu- 
tion of  oxalic  acid,  and  the  crj^stab  formed,  which  are  but  little 
coloured,  entirely  decolourised  by  charcoal  The  solution  is 
decomposed  by  carbonate  of  lime  in  the  state  of  powtier,  and 
the  filtrate,  on  evaporation,  yields  pure  urea,  which  by  repeated 
crystallisation  can  be  obtained  so  pure  that  the  employment  of 
alcohol  becomes  unnecessary. 

Mode  of  obtaining  Urea  artificially. 

Mix  intimately  28  parts  of  dry  ferrocyanide  of  potassium 
with  14  parts  of  manganese,  and  heat  on  an  iron  sheet  plate 
over  an  open  fire,  until  the  mixture  ignites  and  is  slowly  burned 
through.  Extract  the  blackish-grey  mass  which  remains  with 
cold  water ;  add  to  the  filtered  liquid  201  parts  of  dry  sulphate 
of  ammonia;  let  it  stand,  in  order  that  the  sulphate  of  soda  may 
cryatallise;  separate  the  crystals  from  thf?  solution  containing 
urea ;  evaporate  the  latter  to  drjmess,  and  extract  with  alcohol, 
which  leaves  the  rest  of  the  sulphates  undissolved,  and^  on 
evaporation,  gives  perfectly  pure  and  white  urea. 

Physical  Properties* 

Urea  crystallises  in  quadratic  prisms,  from  a  solution  in  water 
with  a  rectangular  terminal  plane,  from  a  solution  in  alcohol 
with  octahedral  planes.  The  long  four-sided  prism  becomes 
six-sided  when  two  of  its  diagonal  edges  are  replaced  by  two 
vertical  planes  of  a  secondary"  prism,  and  eight-sided  when  the 
other  two  edges  are  also  replaced  by  the  secondary  prism.  One 
or  two  octahedral  planes  may  predominate,  and  crystals  obtained 
from  urine,  and  seen  by  the  microscope,  may  consequently 
appear  to  be  terminated  by  one  or  two  incUned  planes  only. 
The  crj'stals  polarise  ^\ith  a  gentle  blue  colour*  Their  micro- 
scopic characters,  unaccompanied  by  characteristic  chemical 
testSj  cannot  be  relied  upon  for  diagnosis. 

Chemical  Properties. 
Urea  is  colourless,  of  a  bitterish,  cooling  taste,  like  saltpetre, 
which  has  been  mentioned  as  being  in  part  the  taste  of  urine. 
Wlien  diy,  it  is  not  changed  by  exposure  to  the  air,  and  then 
attracts  very  little  moisture,  A  pure  solution  in  water,  even 
when  dilute,  does  not  undergo  any  spontaneous  chemical  change. 
It  has  no  reaction  on  vegetable  pigments.  It  ia  soluble  in  its 
own  weight  of  water  of  15°  C,  in  five  parts  of  alcoholi  of  08 16 
specific  gra%nty,  at  the  ordinary  temperature  of  the  air,  and  in  its 
own  weight  of  boiling  alcohol.  It  is  almost  insoluble  in  ether, 
and  quite  insoluble  in  oil  of  turjiientine. 

Formula :  C  H^N,0. 
DtamtpoBitions. — ^Urea  may  be  decomposed  by  the  influence 
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of  heat,  acids,  alkalies^  salts,  putrid  animal  matter,  and  yeast 
When  exposed  to  a  temperature  of  120''  C,  it  fuses,  but  the  tem- 
perature being  raised  a  few  degrees,  ammooia  and  carbonate  of 
ammonia  are  evolved,  leaving  anuneline,  amorphous  white 
matter,  then  cyanate  of  ammonia,  cyanuric  acid  and  its  derivates, 
until  at  last  the  residue  chars^  and  at  a  red  heat  burns  without 
leaving  any  residue. 

Nitrous  acid,  and  mtiic  acid  coloured  red  by  the  presence  of 
the  former,  decompose  urea  into  carbonic  acid,  nitrogen,  and  water, 

CH.NgO  -h  Np,  =  CO,  +  4N  +  2H3O. 

The  same  decomposition  is  produced  by  a  solution  in  nitric  acid 
of  the  nitrite  of  the  auboxyde  of  mercury.  This  decomposition 
is  employed  in  the  quantitative  analysis  of  Millon  (*'  Compt 
Eend."  26,  119).  Urea,  when  fused  with  potash,  or  treated  with 
concentrated  sulphuric  acid,  is  transformed  into  carbonic  acid  and 
ammonia. 

CH,N,0  +  H^  ^  CO3  +  2NH,. 

The  quantitative  analyses  of  Heintz  ("  Poggend.  Ann."  66,  114  ; 
68,  393)  and  of  Ragsky  ('*  Ann.  Chem,"  54,  29)  are  based  upon 
this  influence  of  sulphuric  acid  upon  urea. 

The  same  decomposition  of  urea  may  be  produced  hy  the 
influence  of  heat  in  the  presence  of  water  A  solution  of  urea, 
when  enclosed  in  a  glass  tube,  by  the  assistance  of  the  blow- 
pipe, and  kept  for  several  hours  in  an  oil-bath  or  well-regulaled 
air-batb,  at  a  temperature  of  140*"  C.  will  decompose  io  thia 
manner ;  and  if  a  sufficient  amount  of  hydrate  of  baryta  be 
present  in  the  tube,  the  decomposition  at  a  temperature  of  from 
210^  a  to  240^  C.  wiU  be  accelerated  by  the  alkali,  and  the 
carbonic  acid  evolved  will  be  immediately  fixed  by  the  baryta. 
From  the  quantity  of  carbonate  of  baryta  so  produced,  we  may 
ascertain  the  quantity  of  urea  present  in  the  fluid  before  the 
experiment  This  is  the  process  employed  in  the  method  of 
Bunsen  ("  Ann,  Chem."  65,  375), 

The  decomposition  of  xirea  into  carbonic  acid  and  ammonia  is 
further  the  result  of  time  fermentation,  induced  by  ferments,  such 
as  yeast,  or  decomposing  mucus  of  the  urinary  bladder,  or  any 
other  putrefying  animal  matter,  such  as  albumen. 

A  solution  of  urea,  when  heated  with  caustic  lime,  or  magnesia, 
to  a  temperature  of  above  50°  C,  will  evolve  anmionia.  Below 
50**  C,  lime  and  magnesia  exert  no  influence  upon  urea  in  solution, 
and  may  therefore  be  employed  with  safety  for  the  quantitative 
analysis  of  ammonia  in  urine. 

A  solution  of  urea,  when  mixed  with  liquor  sodae  chlorinatse, 
evolves  the  whole  of  the  urea  in  the  form  of  nitrogen,  carbonic 
acid,  and  water.  As  the  carbonic  acid  is  immediatelv  absorbed, 
nitrogen  only  is  left,  the  bulk  of  which,  on  measuring,  is  a  ready 
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means  of  determining  the  amount  of  urea  of  wliich  it  was  a  part 
(Method  of  E.  W.  Davy;  "Dublin  Hosp.  Gaz."  June  1,  1854; 

*'  PMlos.  Mag."  June  1854,  p.  385). 

A  solution  of  urea,  when  mixed  with  an  excess  of  hypobromite 
of  sodium,  is  rapidly  decomposed  so  as  to  evolve  about  90  per  cent. 
of  its  nitrogen  in  a  relatively  short  tima  But  t lie  decomposition 
is  never  complete,  and  the  reaction  is  therefore,  notwithstanding 
the  meritorious  efforts  of  several  chemists  to  make  it  applicable 
to  what  they  call  *'  clinical  purposes/*  not  adapted  for  accurate, 
or  even  approximately  accurate  estimations  (see  Schleich, 
'*  Joum.  f,  Pract  Chemie."  10  (1874),  261). 

A  mixture  of  urea  aud  nitrate  of  silver  iu  solution  is  on 
evaporation  transformed  into  niimte  of  ammonia  and  crystalline 
cyanate  of  silver.  This  experiment  is  the  reverse  of  the  process 
by  which  urea  is  produced  artihcially.     Its  formula  is  thus : 

2(CH^N,0)  +  2  Ag  NO..  =  2  NH.NO,  +  Ag,  C,N,0, 

CmnhiimiionB  of  Urea, 

Urea  enters  into  combination  with  several  bases,  acids,  and 
salts.  Of  these  compounds,  those  are  of  great  importance  which, 
by  being  insoluble  in  water  and  watery  solutions^  enable  us  to 
transform  dissolved  urea  into  a  precipitate,  and  thereby  to  isolate 
it  or  determine  its  quantity. 

Urea  mtk  Qxydk  of  niercurif,^-a.  With  one  pwlecule  of  oxi/de  of 
mtrcury,  CII^NjO  +  HgO. — On  adding  to  a  warm  solution  of 
urea,  oxyde  of  mercury  diffused  in  w^ater,  we  observe  the  fii'St 
portions  of  the  oxyde  to  be  perfectly  dissolved ;  an  excess  of  the 
oxyde  of  mercury  is  in  the  fluid  gradually  changed  into  a  white 
or  yellowish  white  powder;  the  filtrate  from  the  latter,  after  the 
elapse  of  twenty-four  hours,  deposits  thin  hard  crusts  on  the 
walls  of  the  vessel  These  crusts  and  the  powder  have  the  above 
compositiom  The  preparation  frequently  contains  some  cyanate 
of  mercury. 

h.  With  three  rnolecides  of  oxi/de  of  nitrcuiy,  2CH^N|0  + 
3HgO, — On  adding  to  a  solution  of  urea,  caustic  potash,  and  then 
a  solution  of  bichloride  of  mercury,  with  a  renewed  addition  of 
potash  ley,  so  that  the  fluid  is  always  kept  alkaline,  a  thick, 
gelatinous. snowy- white  precipitate  is  obtained,  which,  when  per- 
fectly washed  out  and  in  its  moist  condition  transferred  into 
boiling  water,  transforms  into  a  saudy  or  granular  powder  of  a 
yellow  or  yellowish-white  colour.  After  drying  the  powder  is 
reddish-yellow*  When  heated  while  muist  it  frequently  explodes, 
with  evolution  of  light,  water,  carbonate  of  ammonia,  and  metallic 
mercmy.  The  powder  is  soluble  without  clTervesceuce  in  hydro* 
cyanic  and  hydrochloric  acid;  in  the  latter  solution  alkalies  pro- 
duce a  whitish-yellow  precipitate. 
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e.  With  two  molecules  of  oxyde  of  mercury,  CK^NjO  +  2HgO. 
— ^If,  instead  of  a  solution  of  bichloride  of  mercury,  a  solution  of 
nitrate  of  oxyde  of  merciir}*  is  precipitated  by  an  alkaline  solution 
of  ui'ea,  a  white  and  less  voluminous  precipitate  is  obtained, 
which  in  boiling  water  shrinks  to  a  sandy  powder. 

Urea  and  c/Uoride  of  sodimn,  CH^N^O  +  NaCl  +  H^O.— 
ThiB  salt  crystallises  in  clino-rhombic  prisms  of  great  lustre, 
when  a  mixture  of  solutions  of  urea  and  chloride  of  sodium  is 
evaporated.  The  same  salt  is  obtained  in  large  coloured  cr}^stals 
on  evaporation  of  human  urine. 

Urea  and  7iifric  acuL  CH^N^O  +  HNO,. — If  we  mix  a  con- 
centrated solution  of  urea,  or  urine  concentrated  by  evaporation, 
with  an  excess  of  coloniless  nitric  acid,  the  mixture  will  imme- 
diately crystallise  into  an  ahnost  solid  mass  of  white  shining 
scales  or  plates  (yellow  fi-om  urine)  of  nitrate  of  urea.  This 
crystallisation  may  be  completed  or  accelerated  by  exposing  the 
mixture  to  the  influence  of  cold. 

Nitrate  of  urea  crystallises  in  the  rhombic  system.  If  a  pure 
crystallisation  be  obtained,  the  rhombic  prisms  may  be  seen  to 
perfection.  They  are  either  flat,  single,  and  primar}%  or  combina- 
tions of  several  prisms,  like  those  of  pure  urea,  becoming  hexagonal, 
and  ultimately  thin  plates. 

The  nitrate  obtained  from  urine  directly,  almost  always 
crystallises  in  large  plates,  of  wiiich  many  lie  upon  each  other, 
mostly  with  their  priiicipal  crystallographical  axes  parallel  to 
each  other.  This  parallelism  is  observed  also  in  crystallisations 
of  pure  urea ;  the  plates  only  show  the  prismatic  character  a 
little  more. 

Nitrate  of  ureii  is  not  changed  by  the  influence  of  the  air.  It 
is  soluble  in  water.  Heated  oo  platinum  foU  it  explodes,  when 
the  temperature  has  been  raised  quickly  to  a  high  point;  but  if 
only  heated  to  140*^  C,  it  decomposes,  carbonic  acid,  suboxyde  of 
nitrogen,  urea,  and  nitrate  of  ammonia  being  produced. 

Urea  arid  aralic  acid,  (2CH^N30,  C^HjO  J. — Oxalic  acid  has 
a  stronger  aflinity  for  urea  than  nitric  acid,  so  that  when  it  is 
added  to  a  solution  of  the  nitrate,  oxalate  of  urea  will  be  formed, 
which  not  being  ver>'  soluble  in  w*ater  containing  nitric  acid,  is 
precipitated.  Oxalate  of  urea  crystallises  in  rhombic  prisms  and 
rhombic  plates,  some  varieties  of  which  are  very  much  like  the 
prismatic  plates  of  nitrate  of  urea.  But  frequently  the  oxalate 
has  more  tendency  to  produce  ciystals  in  which  the  axes  are  of 
a  more  equal  length ;  these  crystals,  though  smaller  in  outline 
have  then  more  body.  To  the  naked  eye  a  precipitate  of  the 
oxalate  of  urea  appears  as  a  w^hite  crystalline  mass  of  plates. 
This  salt  is  soluble  in  23  parts  of  water  of  a  temperature  of  15" 
C,  but  is  soluble  in  a  much  smaller  quantity  of  boiling  water. 

Urea  ami  nitrate  of  mercury  (Liebig,  '*  Ann,  Chem."  85,  294,) 


— Oa  addiiag  to  a  solution  of  urea  a  solution  of  nitrate  of  mer- 
mtrjr,  a  white  floeculent  precipitate  is  immediately  produced, 
whidi  oontainB  urea,  oxyde  of  mercury,  and  nitric  acid.  Accord- 
ing to  the  proportion  in  which  both  solutions  are  mixed,  and  the 
amount  of  free  acid  contained  in  the  solution  of  mercury,  one 
of  three  compounda^or  a  mixture  of  three  compounds, is  produced, 
which  are  distiDguished  from  each  other  by  containing  difiTeient 
quantities  of  the  oxyde  of  mercury. 

These  three  different  combinations  have  the  following  char- 
acters in  common  : — On  combustion  with  oxyde  of  copper  they 
develop  a  mbtture  of  gases,  in  which  nitrogen  and  carbonic  acid 
are  present  in  the  proportion  of  three  volumes  of  the  one  to  two 
volumes  of  the  other.  This  is  the  same  proportion  as  in  the 
nitrate  of  urea.  On  removing  the  oxyde  of  mercury  by  sulphu- 
retted hydrogen,  there  remains  in  the  fluid  after  filtration  from 
the  precipitate,  pure  nitrate  of  urea,  which  crystallises  to  the 
kst  drop.  These  comhioationB,  therefore,  only  differ  from  each 
other  by  a  varying  amount  of  oxyde  of  mercury;  they  are 
entirely  soluble  in  bydrocyaoic  acid  and  liot  nitric  acid.  In  the 
latter  solution,  potash  produces  a  white  precipitate.  If  the  dry 
precipitate  of  one  of  them  is  heated  for  a  length  of  time  in  a 
current  of  wann  air,  a  decomposition  takes  place ;  it  assumes  a 
yellowish  colour,  and  the  solution  in  nitric  acid  gives  now  a 
yellowish  precipitate  with  potash.  The  fonmilro  of  these  three 
combinations  are— 

A.  HNO,,  CH4N,0  +  2HgO 
A  HNOj,  CH4N,0+  HgO 
a  2HN0,,  2CH4NaO  +  31IgO 

From  these  formula?,  and  the  manner  in  which  they  are  de- 
composed by  sulphuretted  hydrogen,  sulphuret  of  mercury  being 
precipitated  and  nitrate  of  urea  going  into  solution,  we  may  con- 
sider these  bodies  to  be  combinations  of  one  molecule  of  nitrate 
of  urea,  with  two,  one,  and  of  two  molecules  of  urea  nitrate 
with  three  molecules  of  the  oxyde  of  mercury  respectively.  The 
first  of  these  combinations  is  produced  in  the  quantitative 
analysis  of  ui-ea  in  the  urine. 

MetJiod  of  ascertainin/f  tlie  quantity  of  Urea  in 
Urine  volumetrically. 

This  mode  of  ascertaining  the  quantity  of  urea  dissolved  in 
urine  is  based  upon  the  property  of  urea  to  be  precipitated  by 
the  addition  of  nitrate  of  mercury,  in  combination  with  one 
molecule  of  nitric  acid  and  two  molecules  of  the  oxyde  of  mer- 
cury, three  molecules  of  nitric  acid  remaining  free  in  solution. 

On  gradually  adding  to  a  diJuta  solution  of  ui^ea  a  dilute 
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Bolution  of  nitrate  of  mercury,  and  neutralising  the  free  acid  of 
the  mixture  from  time  to  time  by  the  addition  of  some  baryta 
water  or  a  dilute  solution  of  carbonate  of  soda,  a  fiocculent, 
bulky,  snowy 'Wliite  precipitate  ia  obtained,  which  ia  insoluble  in 
water.  If  the  alternate  addition  of  the  nitrate  of  mercury  and 
carbonate  of  soda  be  continued  aa  long  as  a  precipitate  is  formed, 
there  will  be  a  point  at  which  the  mixture,  or  the  spot  where 
the  drop  of  the  solution  of  the  carbonate  falls  into  the  mixture, 
will  assume  a  yeUow  colour,  owing  to  the  formation  either  of 
oxyde  of  mercury,  or  basic  nitrate  of  mercury,  or  carbonate  of 
mercury.  If  the  fluid  is  now  Altered,  it  does  not  any  longer 
contain  any  appreciable  quantity  of  urea ;  the  w^hole  of  the  urea 
has  been  precipitated.  The  precipitate  is  composed  of  one  mole- 
cule of  urea,  and  two  molecules  of  oxyde  of  mercury.  By 
mixing  solutions  of  urea  and  nitrate  of  mercur}%  both  of  known 
strength,  we  can  easily  convince  ourselves  that  precipitation  of 
the  yellow  oxyde  or  carbonate  by  the  addition  of  carbonate  of 
soda  does  not  take  place  until  we  have  added,  for  ten  parts  of 
urea  in  the  solution  of  ui^a,  a  volume  of  the  solution  of  mercury, 
in  which  there  are  contained  seventy-seven  parts  of  the  oxyde  of 
mercury.  This  amounts  to  two  molecules  of  the  oxyde  for  one 
molecule  of  urea. 

If  we  continue  adding  a  solution  of  nitrate  of  mercury  to  a 
solution  of  urea  so  long  as  a  precipitate  is  produced,  the  mixture 
will  remain  white  on  the  addition  of  carbonate  of  soda.  But  if 
the  original  mixture  be  allowed  to  stand  for  several  hours,  the 
precipitate  after  the  lapse  of  that  time  will  have  clianged  its 
projjcrties,  and  have  become  crystalline.  One  may  now  easily 
recognise  the  six-sided  plates  of  the  combination  of  two  mole- 
cales  urea  nitmte  with  three  molecules  of  the  oxyde  of  mercury ; 
and  the  clear  fluid  which  stands  over  the  precipitate,and  which,  on 
the  admixture  of  an  alkali,  gave  a  white  precipitate,  is  now  precipi- 
tated ydkm  by  the  same  alkalies.  In  the  acid  fluid  the  combina- 
tion, containing  two  molecules  of  the  oxyde  of  mercury  and  one  of 
nitric  acid,  ia  reduced  to  a  combiuation  containing  less  oxyde,  be- 
cause a  part  of  the  oxyde  is  redissolved  by  the  free  acid  of  the  fluid. 

In  order  to  recognise  whether  an  amount  of  the  solution  of 
the  nitrate  of  mercury  sufficient  to  produce  the  combination  of 
urea  with  two  molecules  of  the  oxyde  of  mercury  has  been 
added,  the  neutralisation  with  carbonate  of  soda  after  the 
addition  to  the  solution  of  urea  of  the  mercurial  solution  becomes 
necessary.  If  a  drop  of  the  mixture,  when  added  to  a  drop  of  a 
solution  of  carbonate  of  soda  on  a  watch-glass,  or  on  a  flat  piece 
of  glass,  remains  white,  we  may  be  quite  sure  that  there  still  is 
uncombined  urea  in  the  mixture.  When,  however,  on  the  two 
drops  mixing,  a  yellow  pellicle  is  produced,  then  we  have  added 
a  sufficient  amount,  or  rather  a  little  more  than  sufficient,  of  tlie 
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mercurial  solution  to  precijiitate  the  whole  of  the  urea.  It  re- 
quires only  a  Bmall  excess  of  the  salt  of  mercury  to  indicate  that 
the  qnantity  sufficient  to  precipitate  all  the  urea  has  been  added. 
It  is  therefore  evident,  that  if  we  know  the  amount  of  mercury 
contained  in  the  solution  of  it,  we  may»  from  the  quantity  of 
this  solution  used  for  precipitating  urea  in  the  manner  described, 
determine  the  quantity  of  urea  contained  in  solution  ;  or  if,  fur 
precipitating  a  JcTtoum  quantity  of  urea,  say  100  milligrammes,  we 
have  used  a  certain  volume  of  the  solution  of  mercury,  this  same 
volume  of  the  same  solution  wull  indicate  the  same  quantity  of 
urea  in  fluids  containing  an  unknown  amount  of  urea.  From 
the  volume  of  the  mercurial  solution  used  in  this  way,  the 
amount  of  urea  present  may  then  be  calculated  ;  a  consumption 
of  half  the  volume  shows  half  the  amount  of  urea,  of  twice  the 
volume  double  the  quantity  of  urea,  to  be  contained  in  the  fluid. 

Preparation  of  iht  Sdtdion  of  Mercury  for  precipUaiing 
Vreafn^m  Urine. 

Four  grammea  of  pure  urea  are  first  dissolved  in  water,  and 
this  solution  is  diluted  with  water  to  exactly  the  bulk  of  200  c.c. 
By  dissolving  four  grammes  of  urea  in  200  c.c  of  water,  20175 
C.C.  of  solution  would  be  obtained,  being  175  c.c.  in  excess. 

Of  the  solution  of  nitrate  of  mercury,  which  is  to  serve  for 
the  purpose  of  precipitating  urea  from  the  urine,  20  c.c.  are  to 
be  just  sufficient  to  indicate  exactly  the  amount  of  urea  con- 
tained in  10  c.c.  of  the  solotion  just  described,  namely,  200 
milligrflmmes  of  urea ;  one  cubic  centimetre,  therefore,  of  the 
mercurial  solution  must  correspond  with  10  milligrammes  of 
urea.  To  this  end,  the  solution  of  mercury  must  contain  an 
amount  of  oxyde  suflicient  to  produce,  with  10  milligrammes  of 
iirea^  the  nitrate  containing  two  molecules  of  the  oxyde  of 
mercury,  and  further,  it  must  contain  a  trifling  excess  of  the 
oxyde  of  mercury,  in  order  to  indicate  the  complete  precipitation 
of  the  urea.  This  is  the  case  when,  after  the  addition  of  the 
last  drop  of  the  10  c.c.  of  the  mercurial  solution  to  the  solution 
of  urea,  a  solution  of  carbonate  of  soda  produces  a  distinctly 
yeUow-coloured  precipitate. 

According  to  calculation,  100  milligrammes  of  urea  require 
for  precipitation  720  milligrammes  of  the  oxyde  of  mercury 
(in  the  form  of  nitrate) ;  but  in  order  to  produce  a  distinct 
Inaction  of  oxyde  of  mercury  in  dilute  solutions  of  urea,  the  10 
c.c.  of  mercurial  solution  necessar^^  to  precipitate  the  100  milli- 
grammes of  urea  miist  contain  an  excess  of  oxyde  amounting  to 
52  miUigrammes,  or  in  aU  772  milligrammes  of  oxyde.  Every 
cubic  centimetre  of  the  solution,  therefore,  must  contain  an 
excess  of  52  milligranmies  of  oxyde. 

The  simplest  mode  of  obtaining  the  tast-fluid  is  by  dissohing 
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in  a  glass  beaker  oue  part  of  pure  metallic  quicksilver  in  five 
parts  of  nitric  acid  of  1*425  specific  gravity,  and  fFeciiieotly 
adding  a  little  nitric  acid,  keeping  the  mixture  at  a  gentle  heat, 
until  the  evolution  of  vapours  of  nitrous  acid  has  entirely  ceased. 
The  solution  is  then  evaporated  on  the  water-bath  until  it 
assumes  the  consistence  of  a  syrup.  This  syrup  is  then  diluted 
with  water  until  100  c.c.  of  this  dilute  fluid  contain  exactly  7"140 
grammes  of  mercuiy.  This  is  the  case,  if  100  grammes  of  mer- 
cury, after  transformation  into  the  nitrate  of  the  oxyde,  are  dis- 
eolved  in  so  much  water  that  the  bulk  of  the  solution  amounts 
to  exactly  1400  c.c. 

If  we  use  for  the  preparation  of  the  oxyde  the  crj^atallised 
nitrate  of  the  suboxyde  of  mercury,  which  may  with  greater 
facility  be  obtained  pure^  and  is  more  free  from  other  metals  than 
metallic  mercury,  the  concentrated  solution  of  the  oxyde  obtained 
18  of  unknown  strength.  The  quantity  of  oxyde  contained  in  it 
must  therefore  be  determined ;  and  this  Ireing  done,  the  solution 
is  to  be  diluted  to  the  strength  already  stated. 

There  are  several  methods  of  finding  the  amount  of  oxyde  of 
mercury  contained  in  a  solution  of  the  nitrate.  It  maybe  found 
in  a  direct  way  by  diluting  a  known  volume  of  the  concentrated 
solution  or  syrup  with  ten  volumes  of  water,  and  precipitating 
the  oxyde  of  10  c.c.  of  this  solution  by  the  addition  of  potassa. 
Or  a  precipitate  of  the  sidphide  of  mercury  may  be  obtiiined  by 
mixing  the  nitrate  with  a  solution  of  sulphate  of  soda,  and  de- 
composing the  precipitated  sulphate  of  oxyde  of  mercury  by  a 
current  of  sulphuretted  hydrogen. 

A  third  proceeding,  which  dispenses  with  scales,  is  the  follow- 
ing.^ 

Epiftode :  Mode  of  ascertaining  the  ammint  of  oxyde  of  mercury 
coniaintd  in  a  solutwn  of  nitrate  of  mercury, — On  mixing  a  solu- 
tion of  the  nitrate  of  oxyde  of  mercury  with  a  solution  of  phos- 
phate of  soda,  a  white  floccnlent  precipitate  of  phosphate  of  oxyde 
of  mei-cury  is  immediately  produced,  which,  on  being  allowed  to 
stand  in  the  liquid,  rapidiy  becomes  crystalline. 

A  solution  of  corrosive  sublimate  may,  however,  be  mixed  with 
the  alkaline  phosphate,  without  any  turbidity  being  produced. 

If  to  the  mixture  of  the  two  tirst-mentioned  salts  we  add  a 
solution  of  chloride  of  sodium,  before  the  precipitate  has  had  time 
to  become  crystalline,  the  latter  immediately  decomposer  with 
the  chloride  of  sodium,  corrosive  sublimat-e  and  phosphate  of 
sodium  lieing  produced ;  the  precipitate  disappear,  and  the  fluid 
becomes  perfectly  clear. 

This  test  is  the  basis  of  the  following  method,  by  which  the 
amount  of  protoxyde  of  mercury  contained  in  a  solution  of  the 
nitrate  may  be  ascertained  with  tolerable  accuracy.  One  molecule 
of  phosphate  of  mercury  requires  for  its  redissolution  two  molecules 
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of  cUoride  of  sodium.  It  follows  from  this  tliat  if  we  know  the 
amount  of  chloride  of  sodium  which  it  has  been  necessary  to  add 
for  rediasolving  the  phosphate  of  mercury,  we  also  know  Uie 
amount  of  oxyde  contained  in  the  solution  of  the  nitrate. 

As  the  atomic  weight  of  the  chloride  of  sodium  is  only  about 
one-quarter  of  that  of  the  oxyde  of  mercury,  a  slight  error  in  the 
addition  of  the  chloride  of  sodium  will  be  qnadmpled  in  the  cal- 
culation of  the  mercury.  This  analysis  is  therefore  not  so  accu- 
rate as  its  reverse,  the  determination  of  chloride  of  sodium  by 
the  mercurial  solution.  But  it  is  sufficiently  accurate  for  the 
purpose  here  intended. 

Episode  in  episode :  Preparation  of  the  standard  solution  of 
ehloride  of  sodium  to  he  employed  in  ascertainimj  the  amount  of 
mercury  in  solution,— A  saturated  solution  of  chloride  of  sodium 
IB  first  prepared  by  pouring  water  over  pure,  transparent  rock 
salt  in  coarse  pieces,  and  letting  it  stand  for  solution  at  a  tem- 
perature of  from  12-2  to  23*9**C.  If  the  mixture  be  frequently 
shaken  it  will,  after  the  lapse  of  twenty-four  hours,  be  perfectly 
saturated,  and  in  every  case  will  contain  an  invariable  amount 
of  salt,  viz.,  3184  grammes  in  every  10  c.c.  The  solution,  after 
decanting  and  filtering,  is  ready  for  use. 

Of  this  solution  we  take  with  a  pipette  20*0  c.c. 

And  add  water             .            .             .  5668  c,c* 

Whereby  we  obtain  of  dilute  solution         

of  chloride  of  sodium            .             ,  586  8  c.c 

which  in  all  contain  6368  milligrammes  of  chloride  of  sodium, 
viz,,  the  amount  contained  in  20  c.c.  of  the  saturated  solution. 
In  10  c.c.  of  this  dilute  solution  there  are  consequently  contained 
10852  milligrammes  of  chloride  of  sodium,  corresponding  to  200 
milligrammes  of  oxyde  of  mercury  (1  c.c.  dilute  solution  =  20 
milligrammes  of  oxyde  of  mercury).  This  calculation  is  based 
upon  the  atomic  weight  of  oxyde  of  mercury  — 216,  and  chloride 
of  sodium  =  58'6,  which  stand  to  each  other  in  the  same  propor- 
tion as  400  of  the  oxyde  to  108'52  of  chloride  of  sodium- 

Mode  of  aMertaining  amount  of  Oxyde,  Jcc.  (continued). — In 
order  to  determine  with  some  degree  of  accuracy  the  amount  of 
oxyde  contained  in  a  solution  of  the  nitrate,  the  latter  must  not 
be  too  concentrated,  partly  because  a  larger  bulk  admits  of  more 
accurate  measurement,  partly  because  the  end  of  the  reaction  is 
much  more  perceptible  in  dilute  than  in  concentrated  fluids.  It 
is  therefore  desirable  that  the  mercurial  solution,  w^hich  is  to 
serve  for  the  test,  should  in  10  c.c,  not  contain  more  than  from 
180  to  200  milligrammes  of  oxyde  of  mercury. 

The  following  preliminary  experiment  is  therefore  made,  for 
the  purpose  of  ascertaining  the  concentration  :  100  ex.  of  the 
solution  of  chloride  of  sodium  are  mixed  with  4^0  c,c.  of  a  solu- 
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tion  of  phosphate  of  sodium  (the  officinal  salt)  saturated  at  the 
oitiiDary  temperature.  To  this  mixture  the  mercurial  solutionis 
now  poured  from  a  burette,  until  a  precipitate  is  formed  which 
does  not  disappear  on  shaking  the  fluid.  Let  us  suppose  that  we 
have  used  for  that  purpose  24  ex.  of  the  mercurial  solution ; 
they  accordingly  contain  200  milligrammes  of  oxyde  ;  10  cc.  of 
the  solution  therefore  contain  more  than  800  milligmmmes,  when 
they  should  only  contain  200  niilligi-ammes  at  the  outside.  This 
sohition,  therefore,  hefore  the  actual  testing  hegins,  must  be 
diluted  with  three  times  its  own  volume  of  water. 

Of  this  dilute  solution  of  mercuiy  we  now^  measure  100  c.c, 
into  a  beaker,  add  4^0  c.c.  of  the  above-mentioned  solution  of 
phosphate  of  sodium,  and  pour  from  a  burette  the  graduated  or 
standard  solution  of  chloride  of  sodium  into  this  mixture,  which 
is  kept  in  constant  agitation,  until  at  la^t  the  white  precipitate, 
which  is  formed  on  addition  of  the  phosphate  to  the  mercurial 
solution,  is  entirely  redissolved. 

The  addition  to  the  mercurial  fluid  of  the  solution  of  phosphate 
of  sodium  must  be  followed  immediately  by  that  of  the  chloride 
of  sodium  ;  for  if  we  suspend  the  adtlition  of  the  latter  only  for 
a  few  minutes,  the  phosphate  of  mercury  becomes  crystalhne, 
and  now  either  dissolves  not  at  all,  or  with  difficulty  only.  The 
solution  of  mercury,  moreover,  must  not  contain  too  much  free 
acid  It  contains  the  proper  amount,  if,  after  the  addition  of  the 
phosphate  of  sodium,  the  mixture  no  longer  reddens  litmus*  If 
it  has,  however,  an  acid  reaction,  the  mercurial  solution  must, 
previously  to  the  testing,  have  a  part  of  its  acidity  neutralised 
by  the  addition  of  a  few  drops  of  a  solution  of  carbonate  of 
sodium,  until  basic  salt  begins  to  be  precipitated,  which  may  be 
redissolved  by  a  drop  or  two  of  dilute  of  nitric  acid. 

As  a  matter  of  course  the  errors  in  this  analysis  are  mainly  due 
to  our  adding  a  drop  or  two  more  of  the  cliloride  of  sodium  than 
is  actually  rei^uired  to  dissolve  the  precipitates.  The  greater  t!ie 
quantity  of  solution  of  chloride  of  sodium  added  to  a  given  bulk 
of  the  mercurial  solution,  the  more  oxyde  this  solution  will  ap- 
pear to  contain.  The  error,  consequently,  which  we  have  just 
pointed  out,  increases  the  apparent  real  amount  of  oxyde  con- 
tained in  the  solution.  As  the  phosphate  of  mercur^^  is  slightly 
soluble  in  the  fluid,  and  as,  after  all,  the  solution  of  chloride  of 
sodium  is  graduated  with  regard  to  this  error,  the  latter  is  gene- 
rally very  slight  If  the  proceeding  be  reversed  by  pouring  the 
mercurial  solution  into  a  mixture  of  the  solution  of  chloride  of 
sodium  and  the  alkaline  phosphate,  a  slight  excess  of  the  mercu- 
rial" solution  must  always  be  added,  for  the  purpose  of  producing 
the  precipitate,  which  is  not  permanent  untU  the  fluid  has  been 
saturated  with  the  meit:ury.  This  proceeding,  therefore,  would 
give  too  low  an  indication  of  the  amount  of  oxyde. 


Theae  analyses  become  still  more  correct,  if  we  combine  both 
methods,  and  proceed  in  the  following  manner : — 

(Method  L)  We  measure  10  cc  of  the  solution  of  mercury 
into  a  beaker,  add  from  3  to  4  c.c,  of  the  solution  of  phosphate 
of  sodium,  and,  taking  care  not  to  let  the  precipitate  become 
cTystalline,  we  immediately  pour  from  the  burette  into  the  fluid 
the  solution  of  chloride  of  sodium,  untO  the  precipitate  has  dis- 
appeared. Let  us  suppose  that  we  have  used  for  that  purpose 
125  c.c.  of  the  solution  of  cldoride  of  sodium,  we  now-;- 

(Method  II.)  Measure  12  5  c.c  of  the  same  solution  of  chloride 
of  sodium  into  a  beaker,  add  from  3  to  4  c,c,  of  the  phosphate  of 
sodium,  and  pour  into  this  muttare  from  a  burrette  the  amount 
of  the  same  solution  of  mercury,  which  is  just  necessary  for  the 
production  of  a  commencing  precipitate.  Let  us  suppose  that 
we  have  used  of  it  1025  ex.,  then  its  real  strength  is — There 
have  been  used  for 

I.  10  0  ex.  of  the  mere.  soL     12  5  c,c  soL  of  chL  of  aoi 
11.  10*25  cc.         ditta  12 "5  cc.  ditto. 


1 

4 


20*25  c^  mere.  sol.  25'0  c.c.  soL  of  chl.  of  sod. 

As  every  cc.  of  the  graduated  solution  of  cldoride  of  sodium 
imiicates  20  milligranuucs  of  oxyde  of  mercury,  it  follows  that 
the  25  c.c.  used  indicate  20  x  25  =  500  milligrammes  of  oxyde, 
which  are  contained  in  20^25  c.c.  of  mercurial  solution. 

In  this  manner  has  been  ascertained  the  amount  of  oxyde 
contained  in  the  solution  (diluted  with  three  volumes  of  water), 
1  will  now  proc^.ed  to  give  the  description  of  the  other  proceed- 
ings necessary  for  producing  a  solution  graduated  for  ureaL 

Preparation  of  Mercurial  Solution  gradimtcd  /or  Urm 
(continued). 

A  known  volume  of  the  concentrated  solution  or  syrup,  in  a 
part  of  %vhich,  after  dilution  with  three  volumes  of  water,  the 
amount  of  oxyde  of  mercury  has  been  ascertained,  is  now  dUuted 
with  so  much  water  as  will  bring  it  near  to  the  point  of  concen- 
tration refjuired  for  urea.  Hie  correctness  of  this  dilution  must 
be  cliecked  Ijefore  its  application  for  detemiiniug  the  amount  of 
urea  in  urine,  by  means  of  the  solution  of  pure  urea  mentioned 
above,  which  in  10  c.c.  contains  200  milligmmmes  of  urea. 

In  diluting  the  concentrated  mercurial  solution,  it  is  advisable 
not  to  add  the  whole  bulk  of  water,  which  by  calculation  has 
been  found  necessary,  all  at  once.  It  is  better  to  add  a  little  less 
water,  then  to  test  with  the  solution  of  urea,  and  after  thus 
checking  the  correctness  of  the  analysis^  to  add  the  rest  of  the 
water. 

To  recapitulate  the  entire  proceeding : 
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We  take  10  c.c.  of  the  concentrated  solution  or  syrup,  dilute 
it  with  five  or  ten  times  its  bulk  of  water,  according  to  its  con- 
centration, and  in  10*0  c.c.  of  this  dilute  solution  we  approxi- 
mately ascertain  the  amount  of  oxyde  by  means  of  the  phosphate 
of  sodium  and  the  graduated  solution  of  chloride  of  sodium. 

Let  us  suppose  that  for  10*0  c.c.  of  the  solution  diluted  with 
five  times  its  own  bulk  of  water  we  have  used  18*5  c.a  of  the 
solution  of  chloride  of  sodium,  the  amount  of  water  to  be  added 
can  then  easily  be  calculated. 

For  100  C.C.  of  the  concentrated  solution  there  ought  to  be 
used  38*5  c.c.  of  the  graduated  solution  of  chloride  of  sodium 
(corresponding  to  772  milligrammes  of  oxyde  of  mercury).  We 
have,  however,  in  reality  used  5  x  18*5  =  92*5  c.c.  of  the  gradu- 
ated solution.  If  for  100  c.a  of  the  concentrated  mercurial 
solution  there  are  required  92*5  cc.  of  the  graduated  solution  of 
chloride  of  sodium,  4*16  c.c.  of  the  former  will  exactly  be  neces- 
sary to  neutralise  30*5  c.c.  of  the  latter.     If  therefore 

416  YoL  of  the  concentrated  mere,  solut.  are  mixed  with 
584  voL  of  water,  we  obtain 

1000  voL  of  a  dilute  solution, 

10-0  C.C,  of  which  exactly  correspond  to  38*5  c.a  of  the  graduated 
solution  of  chloride  of  sodium. 

As  has  been  already  stated,  it  is  not  advisable  to  add  the  whole 
amount  of  water  (the  whole  584  volumes)  at  once.  It  is  better 
to  allow  a  maigin.  We  now  measure  10  c.c.  of  the  graduated 
solution  of  urea  into  a  beaker,  add  from  a  burette  the  solution, 
which  has  been  diluted  to  not  quite  the  calculated  strength, 
until  a  drop  of  the  mixture,  when  brought  into  contact  with  a 
drop  of  a  solution  of  carbonate  of  sodium  on  a  glass  plate  or  a 
watch-glass,  gives  a  distinct  yellow  reaction.  In  case  we  have 
used  for  that  purpose  19*25  c.c.  of  the  solution  of  mercury. 

We  now  add  upon  every  .  .    192*5  c.c.  of  the  latter. 

Water  to  the  amount  of  .  .7*5  c.c. 


Whereby  we  obtain  a  total  of  solution  =  200*0  c.c. 

We  now  make  the  final  experiment  with  this  solution. 

If  after  the  addition,  to  10  c.c.  of  the  solution  of  urea,  of  20 
c.c.  of  the  mercurial  solution,  the  yellow  colour  appears  distinctly, 
the  solution  of  mercury  may  be  used  for  ascertaining  the  amount 
of  urea  in  urine. 

We  must  bestow  all  possible  care  upon  the  correctness  of  the 
test-fluid,  as  it  is  intended  to  replace  the  balance,  which,  when 
faulty,  will  make  the  error  appear  the  larger,  the  smaller  the 
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difference  of  weight  we  wish  to  determine.  In  the  case  of  an 
incorrect  balance,  the  error  may  be  met  every  time  we  use  it — 
it  is  possible  to  weigh  coiTectly  with  it  But  a  graduated  fluid 
must  be  corrected  once  for  aU  before  use.  The  volume  of  the 
fluid  does  not  increase  the  trouble  of  preparing  it ;  and  it  is 
therefore  advisable  to  prepare  the  laigest  possible  quantity  at 
one  time. 

The  small  excess  of  the  oxyde  of  mercury  in  the  fluid  is  like 
the  hand  of  the  balance ;  the  yellow  colour  ia  its  deflection,  the  | 
amount  of  which  must  be  carefully  impressed  upon  the  memory. 


Analysis  of  Urea  in  Urine,     Special  Proceedings. 

We  first  prepare  a  mixture  of  two  volumes  of  baryta  water,; 
and  one  volume  of  a  solution  of  nitrate  of  baryum,  both  saturated 
at  the  ordinary  temperature.  Of  this  alkaline  fluid,  one  volume 
is  mixed  with  two  volumes  of  urine.  For  this  purpose  a  pipette 
of  a  capacity  of  15  cc,  may  be  used.  It  is  twice  tilled  with 
urine,  afterwards  once  filled  with  solution  of  baryta,  and  the 
latter  is  poured  on  the  urine  in  a  beaker.  The  precipitate  which 
forms  when  the  two  fluids  mix  is  removed  by  filtering.  Of  the 
filtered  fluid,  15  cc,  corresponding  to  10  c.c.  of  urine^  are  taken 
for  each  analysis. 

To  this  volume  of  urine  we  now,  without  neutralising,  add 
from  a  burette  the  graduated  solution  of  the  nitrate  of  oxyde  of 
mercury,  keeping  the  mixture  agitated  all  the  time,  and  test  the 
mixture  as  soon  as  we  perceive  that  no  further  percipitate  ia 
formed,  and  that  the  fluid  does  no  longer  become  thick  on  the 
addition  of  the  raercuiial  solution.  For  this  purpose  we  take 
with  a  glass  rod  a  drop  out  of  the  mixture,  and  add  it  to  a  drop 
of  a  solution  of  carbonate  of  sodium,  of  which  there  are  several 
in  readiopss  on  a  ^lass  plate  lying  on  a  sheet  of  white  or  black 
paper.  If  after  the  lapse  of  a  few  seconds  the  mixture  of  the 
two  drops  remain  white,  the  addition  of  the  mercuriiil  solution 
must  be  repeated,  imtil,  on  a  new  trial,  a  dmp  of  the  contents  of 
tlte  beaker  exiiibits  a  distinct  yellow  colour  on  being  added  to 
the  drop  of  solution  of  carbonate  of  sodium. 

We  now  read  on  the  scale  of  the  burette  the  number  of  cubic 
centimetres  of  the  mercurial  solution  used ;  and  from  this  ascer- 
tain, by  the  simplest  calculation,  the  amount  of  urea  contained 
in  10  c.c,  of  urine,  and  hence  in  the  total  quantity  discharged  in 
twenty-four  hours. 

Modiji^ation  of  Ihu  mithod  riYpiired  by  an  ea-eess  of  urea  in 
urine, — The  mercurial  test-fluid  is  graduated  for  a  solution  of 
urea  containing  2  per  cent,  of  this  substance :  15  c.c.  of  the  solu- 
tion of  urea  required  for  precipitnting  the  whole  of  the  urea,  and 
for  the  production  of  the  test  indicative  of  the  completion  of  the 
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precipitation,  30  c.c.  of  mercurial  solution*  We  thus  obtain  45 
c,c.  of  a  mixture  in  which  on  the  whole  there  are  30  times 
6 -2  =  156  miUigramme^  of  free  oxyde  of  mercury  ;  every  cubic 
centimetre  therefore  contains  3*47  milligrammeB  of  oxyde  of 
mercury. 

If  the  15  c.c.  of  solution  of  urea  contain  4  per  cent,  of  urea, 
and  we  add  60  c.c,  of  the  mercurial  solution,  a  mixture  amount- 
ing to  75  c.c.  is  produced,  in  which  there  are  contained  312 
mUligrammes  of  the  oxyde  of  mercur)%  viz.,  416  milligrammes  in 
every  cubic  centimetre,  being  an  excess  of  069  milli^Tammes  of 
oxyde  in  every  cubic  centimetre  above  what  is  required  to  pro- 
duce the  original  colour. 

It  has  been  shown  by  careful  experiment  that,  in  analysing 
urine  containing  a  larger  amount  of  urea,  an  error  is  committed 
which  makes  the  amount  of  urea  appear  smaller  than  it  really  is. 
In  the  case  just  now  given  as  an  illustration,  we  would  not  add 
60  c.c.  of  the  mercurial  solution  for  the  production  of  the  original 
colour,  but  only  59*37  c.c.  In  order  to  remove  this  en^or,  we 
have  only  to  make  the  mixture  more  dilute  by  the  addition  of 
water.  As  soon  as  we  have  found  out  that  the  urine  contains  a 
higher  percentage  of  urea  than  the  mercurial  solution  is  gradu- 
ated for — ^for  example,  if  more  than  30  0  ex,  of  the  mercurial 
solution  are  used  for  15  c.c.  of  urine — we  miLst,  for  the  number 
of  cubic  centimetres  of  the  mercurial  solution  above  30  0  c.c, 
add  half  the  number  of  cubic  centimetres  of  water  before  ttding 
with  carbonate  of  sodium.  If,  for  instance,  we  Imve  used  20  c.c 
more  than  30,  wc  add  10  c.c.  of  water.  It  will  always  be  found 
that,  after  the  addition  of  the  water,  a  few  more  drops  of  the 
mercurial  solution  must  be  added  before  the  proper  indication 
is  obtained. 

ModiJkaHon  required  bj/  the  urea  miking  to  1  per  cent, — If  the 
quantity  of  urea  in  urine  amounts  to  1  per  cent,  only,  it  will  be 
necessary  to  add  to  15  ccof  urine  not  15  c.c  only, but  153  c.c, 
which  would  unduly  increase  the  apparent  amouot  of  urea.  To 
avoid  this  error  in  w^orking  with  dilute  urine,  we  must,  for  every 
5  cc  of  mercurial  solution  which  have  been  used  less  than  30 
c.c,  subtract  01  cc.  from  the  sum  of  cubic  centimetres  actually 
used.  If  therefore  for  15  cc  of  urine  25*0  cc  of  mercurial 
solution  have  been  used,  the  real  amount  of  urea  being  249 
milligrammes,  is  expressed  by  24*9  cc.  of  mercurial  solution. 

M(xiiJication  required  by  th^  presence  in  urine  of  chioridt  of 
»oditnn.—A  series  of  experiments  has  shown  that,  when  the 
chloride  of  sodium  contained  in  urine  amounts  to  1  or  1"5  per 
cent.,  it  interferes  with  the  analysis  uf  urea  by  means  of  the  mer- 
curial solution.  If  to  10  c.c  of  the  solution  of  pure  urea  20  cc 
of  the  graduated  mercurial  solution  are  added,  carlx>nate  of 
sodium  will  produce  a  distinct  yellow  precipitate  of  oxyde  of 
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mercury  in  the  mixtura  If  to  the  latter  we  now  add  from  100 
to  200  milligrammes  of  chloride  of  sodium,  and  test  again  with 
carbonate  of  soda,  the  yellow  colour  will  not  appeur,  and  for  its 
reproduction  will  reciuire  a  further  addition  of  from  To  to  2'5  c.c, 
of  the  mercurial  solution  ;  which,  if  taken  as  representing  urea, 
would  increase  the  apparent  amount  of  the  latter  by  15  to  25 
milligrammes. 

It  is  the  same  in  urine.  The  chloride  of  sodium  contained  ia 
it  increases  the  apparent  amount  of  urea  unduly  by  20  or  30 
milligrammes  in  1 0  c.c.  In  case  the  amount  of  chloride  of  sodium 
rises  above  2  per  cent,  the  error  is  not  increased  in  proportion 
to  the  quantity,  but  remains  the  same,  with  certain  fluctuations. 

As  we  shall  see  more  particularly  in  treating  of  the  determin- 
ation of  chloride  of  sodium  by  nie^ns  of  the  nitrate  of  oxyde  of 
mercury,  a  solution  of  urea  containing  chloride  of  sodium  ia  not 
precipitated  until  all  the  chloride  of  sodium  present  is  decom- 
posed, and  coiTosive  subliniate  is  formed.  In  a  solution  of 
200  milligrammes  of  urea  and  100  milligrammes  of  chloride  of  ' 
sodium  in  10  c.c.  of  water,  to  which  20  c.c,  of  the  mercurial 
solution  have  been  added,  tlie  excels  of  the  mercur)^  which 
otherwise  would  have  given  the  yellow  reaction  on  addition  of 
carbonate  of  sodium,  is  not  present  in  the  form  of  nitrate,  but  of 
corrosive  sublimate  ;  by  the  formation  and  presence  of  which,  it 
is  evident,  the  change  in  the  test  is  caused.  Instead  of  3*46 
milligrammes  of  oxyde  of  mercury  in  the  form  of  nitrate,  the 
mixture  contains  the  same  amount  of  mercury  in  the  form  of 
sublimate. 

On  diluting  a  solution  of  corrosive  sublimate  with  water 
until  it  yields  a  distinct  browuish-yellow  precipitate  of  oxy- 
chloride  of  mercury  on  the  addition  of  carbonate  of  sodium,  and 
on  then  niLxing  the  same  solution  of  sublimate  with  a  drop  of 
nitric  acid,  and  then  adding  it  in  drops  to  a  solution  of  carbonate 
of  sodium,  the  mixture  will  remain  clear  No  precipitate  will 
be  formed ;  and,  if  any,  it  consists  only  of  a  slight  whitish 
turbidity,  from  w^hich.  after  prolonged  standing,  some  few 
brow^nish-yellow  plates  are  dejKJsited.  In  this  condition  the 
excess  of  corrosive  sublimate  exists  in  the  mixture  of  the  solu- 
tions of  urea  and  of  mercury,  the  greater  part  of  the  nitric  acid 
of  which  is  in  a  free  and  uncombined  state. 

This  free  nitric  acid  converts  part  of  the  carbonate  of  sodium 
into  the  bicarbonate,  wbieli  does  not  precipitate  corrosive 
subUmate.  \^T]en  the  mixture,  in  consequence  of  a  larger 
amount  of  chloride  of  sodium  having  l>een  present  in  it,  con- 
tains a  larger  amount  of  corrosive  sublimate,  the  quantity  of 
carbonic  acid  set  free  is  not  suttieient  to  totally  prevent  the 
precipitation  of  oxyde  of  mercury,  and  a  brownish-yellow 
precipitate  is  produced.     This  appears  to  be  the  reason  why 
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the  presence  of  a  certain  amount  of  chloride  of  sodium  defers 
the  indication  of  the  complete  precipitatioD  of  urea,  and  why  a 
further  increase  in  the  ainount  of  chloride  of  sodium  does  not 
interfere  with  the  test  after  having  reached  a  certain  height. 

In  operating  upon  urine  containing  from  1  to  15  per  cent 
of  chloride  of  sodium,  the  number  of  milligrammes  of  urea 
coatoiued  in  10"0  c.c.  of  urine  may  at  once  be  eorrectly  obtained 
by  simply  subtracting  2  c.c.  from  the  total  cubic  centimetres 
of  mercuriul  solution  used.  The  results  thus  obtained  are 
relatively  correct  as  regards  the  differences  of  the  amounts 
of  urea,  even  when  the  quantity  oi'  chloride  of  sodium  varies 
in  the  urine  of  different  individuals.  There  is  only  a  slight 
error  in  the  absolute  quantity  of  urea,  which,  if  left  uncorrected, 
may  amount  to  15  or  20  milligrammes  io  10  c.c.  of  urine. 

If,  therefore,  we  require  to  know  the  absolute  quantity  of 
urea  in  urine,  the  chlorine  mnst  be  removed  from  the  urine, 
and  the  chloride  of  sodium  converted  into  the  nitrate.  This 
is  done  by  the  agency  of  a  graduated  solution  of  nitrate  of 
silver.  1 1  i3U  I  grammes  of  fused  nitrate  of  silver  are  dissolved 
in  water  and  diluted  until  the  volume  of  the  fluid  amounts  to 
400  c.c.  One  cubic  centimetre  of  this  solution  contains  29  01 
milligrammes  of  nitrate  of  silver,  corresponding  to  10  milli- 
grammes of  chloride  of  sodium. 

The  solution  of  mercury,  which  will  be  described  under  the 
head  of  ehloiide  of  sodium,  corresponds  to  this  solution  of 
silver.  Equal  volumes  of  both  will,  on  use,  indicate  equal 
quantities  of  common  salt  If,  therefore,  to  10  c.c.  of  urine 
we  had  to  add  12T>  ex.  of  the  mercurial  solution  just  alluded 
to,  for  producing  the  turbidity  indicating  that  all  the  chloride  of 
sodium  is  converted,  then  12  5  c.c  of  the  solution  of  silver, 
on  being  added  to  10  ex.  of  urine,  will  precipitate  the  whole 
of  the  chlorine  without  any  silver  being  left  in  solution. 

As,  by  means  of  the  mercurial  solution,  we  can  ascertain  in 
a  few  seconds  how  much  of  the  solution  of  silver  it  is  necessary 
to  add  to  urine  containing  chloride  of  sodium,  for  the  purpose  of 
removing  the  latter,  this  operation,  which  otherwise  would  be 
laborious  and  take  much  time,  is  divested  of  all  inconvenience. 

Let  ua  suppa-je  that  for  15  c.c.  of  urine  precipitated  with  the 
solution  of  baryta,  corresponding  to  10  c.c,  of  the  original 
urine,  we  have  used  17'5  of  the  mercurial  solution  graduated 
for  common  salt     We  now  measure  with  a  pipette 

t30'0  c.c  of  the  same  urine,  add 
35  0  ex,  of  the  solution  of  silver, 
: 


65-0  cc* 
and  throw  the  mixture  on  a  filter. 
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Of  the  filtered  liquid  we  now  take  for  the  test  of  urea  always 
Hoe-half  of  the  number  of  cubic  ceDtimeirea  of  the  mixed  fluid, 
vixL,  82'5  ex.,  in  which  there  are  contained  10  c.c.  of  urine,  less 
phoaphatea  and  chlorides.  These  are  now  mixed  with  the  mer* 
caiim  aolution  graduated  for  urea ;  and  the  quantity  of  the  latter 
ia  thua  aacertainedj  regard  being  always  had  to  the  dilution  in 
GOnsequeDce  of  the  addition  of  the  aolution  of  silver. 

Modifieaii&n  required  by  the  urine  amiaining  ammonia, — 
For  common  urine,  one  volume  of  eolution  of  barj^  to  two  vol- 
tunes  of  urine  ia  generally  sufficient  for  precipitating  the  whole 
of  the  phosphoric  and  sulphuric  acid  present,  and  leaving  a  small 
amount  of  baryta  in  solution*  If,  however,  the  urine  beoomea 
alkaline  from  the  presence  of  an  alkaline  carbonate,  which  moat 
commonly  is  carbonate  of  ammonium,  from  the  decomposition  of 
urea,  one  volume  of  solution  of  baryta  to  two  vohimes  of  urine 
ii  in  most  cases  insufiQcient  to  precipitate  the  whole  amount  of 
carbonic  acid.  It  therefore  will  be  necessary  to  add  a  larger 
amount  of  the  solution  of  baryUi, 

If  three  volumes  of  the  solution  of  baryta  are  mixed  with  four 
Volumes  of  urine,  17*5  c.c.  of  the  filtered  fluid,  corresponding  to 
10  ex.  of  urine,  will  have  to  be  taken  for  the  analysis  of  urea  by 
precipitation.  Of  a  mixture  of  equal  volumes  of  solution  of 
baryta  and  urine^  20  cc  must  be  taken  for  the  test ;  and  so  on 
in  the  same  proportion. 

The  influence  of  the  decomposition  of  urea  will  in  many  cases 
not  prevent  the  same  results  from  being  obtained  in  putrid  urine 
as  were  arrived  at  in  the  same  urino  when  fresh*  Two  or  three 
dayef  standing  will  generally  make  no  diflerence  ;  but  after  that, 
the  analysis  with  the  mercmial  fluid  cannot  any  longer  be 
demndea  upon, 

if  exact  analyses  of  ammoniacal  urine  be  required,  we  may 
either  fix  the  carbonic  acid,  and  transform  the  urea  present  into 
the  same  acid  and  ammonia  by  subjecting  a  quantity  of  urine  to 
Bunsen's  analysis  ;  or  we  must  deteroiioe  the  ammonia  and  urea 
each  by  a  separate  process  in  two  separate  portions  of  urine,  and 
calculate  the  amoimt  of  urea  from  the  ammonia  by  which  it  is 
repfoaented. 

For  the  analysis  of  urea  in  this  kind  of  urine,  it  is  not  precipi- 
tated with  the  loixtui-e  of  solutions  of  baryta,  but  with  baiyta 
water  only.  From  the  filtered  fluid  a  portion  is  taken  corre- 
sponding to  10  ex.  of  urine,  and  heated  in  a  water-bath,  until  am- 
monia 18  no  longer  evolved*  This  expulsion  of  ammonia  is  easily 
effected,  because,  after  the  addition  of  baryta  water,  which,  when 
added  in  sufficient  quantity,  combines  with  the  whole  amount  of 
carbonic  acid  present,  the  whole  amount  of  ammonia  is  contained 
in  the  form  of  caustic  ammonia.  In  the  fluid  thus  freed  of  ani- 
"lonia,  urea  is  determined  by  the  mercurial  fluid. 
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In  another  portion  of  the  urine  the  ammonia  has  to  be  deter- 
mined by  one  of  the  ordinary  a]  kali  metrical  methods.  The  most 
convenient  test  is  dilute  aulphuric  acid,  which  may  be  procured 
by  mixing  16"333  grammes  of  pure  hydrated  sulphnric  acid  with 
as  much  water  as  will  raise  the  whole  of  the  mixture  to  500  c.a, 
or  XOOO  half  c.c.  Of  this  sulphuric  acid  Q'o  c.c.  exactly  saturate 
5-6^  milligrammes  of  ammonia,  being  the  quantity  produced  by 
the  decomposition  of  10  milligranmies  of  urea.  Every  cubic 
centimetre  of  aulphuric  acid,  therefore,  used  for  neutralising  the 
ammonia  of  urine,  corresponds  to  20  milligrammes  of  urea  origi- 
nally contained  in  the  urine. 

The  analysis  becomes  more  accurate  if  we  subject  a  known 
quantity  of  urine  (after  treatment  with  baryta)  to  distillation, 
collect  the  product  in  a  receiver  containing  a  known  volume  of 
the  graduated  sulphuric  acid,  which  must  be  more  than  sufficient 
for  neutralising  the  whole  amount  of  ammonia  that  passes  over. 
The  quantity  of  free  acid  left  is  then  determined  by  means  of  a 
dilute  solution  of  ammonia,  graduated  upon  the  dilute  and 
graduated  sulphuric  acid.  If,  for  example,  we  have  put  into  the 
receiver  40  c.c.  of  dilute  sulphuric  acid,  and  if,  after  partial 
saturation  by  the  distillate,  we  yet  require  15'0  c.a  of  the 
graduated  solution  of  ammonia  for  neutralising  the  acid,  then  a 
quantity  of  ammonia  has  passed  over  by  distillation  which  has 
neutralised  40  -;- 15  =  25  c.c.  of  the  graduated  sulphuric  acid, 
and  represents  260  milligi-animes  of  urea. 

ModiJkcUwn  required  hy  ths  presence  in  urine  of  certain 
mutters  not  being  wea, — Besides  urea,  some  other  bodies  are  pre- 
cipitated by  the  solution  of  nitrate  of  protoxyde  of  mercury. 
One  of  them  is  allnntaifte,  as  has  been  shown  by  Limpricht 
("Ann,  Chem,'*  1853,  October,  p.  99).  It  has  been  stated  by 
Stadeler  that  he  found  aUantoine  in  the  urine  of  dogs  labouring 
under  difficulties  of  respiration.  AUantoine  is  present  in  the 
mine  of  the  sucking  calf;  but  it  has  never  as  yet  been  found 
either  in  the  normal  or  pathological  urine  of  mam  Even  imder 
circumstances  where  its  occurrence  was  most  probable,  as  after 
the  ingestion  into  the  stomach  of  uric  acid  or  urate  of  ammonia, 
when  the  usuiJ  products  of  the  decomposition  by  oxydation  of 
that  body  are  found  in  the  urine,  vi^,,  urea  (an  excess)  and 
oxalic  acid,  the  third  produce  of  the  artificial  process,  allantoine, 
could  not  be  found  in  the  mine  by  Wohler.  We  may,  there- 
fore, be  quite  sure  that  our  analyses  will  not  easily  be  made 
inaccurate  by  the  presence  of  that  body. 

There  are,  however,  some  matters,  forming  an  insoluble  pre- 
cipitate with  the  nitrate  of  mercui-y,  which  are  of  more  frequent 
occurrence,  particularly  in  the  urine  of  patients,  Kletzinsky 
(Heller's  '*Archiv."  1863,  p.  252),  in  his  comparative  experimente 
ou  the  value  of  different  methods  for  determining  the  quantity 
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of  area,  found  that  there  is  a  substance  present  in  urine,  which, 
by  its  property  of  being  precipitated  by  a  solution  of  sugar  of 
lead,  manifests  itself  as  different  from  ui^ea,  and  yet  is  precipi- 
tated along  with  urea  by  the  mercurial  solution.  This  substance, 
in  five  experiments  made  upon  healthy  urine,  amounted  to  2,  2, 
3,  3,  and  4  per  cent  of  the  urea;  but  in  the  urine  of  patients  it 
would  rise  to  12  per  cent  of  the  urea  present  Vogel  is  of 
opinion  that  the  error  in  some  cases  might  amount  to  20  per 
cent  of  the  urea  present 

This  error  Kletzirusky  proposed  to  avoid  by  the  following  pro- 
ceeding : — Of  a  solution  of  sugar  of  lead,  acidulated  with  a  few  drops 
of  acetic  acid,  a  sufficient  quantity  i^  added  to  urine  to  precipitate 
the  whole  of  these  matters.  Any  excess  of  the  solution  of  lead 
must  be  removed  by  a  current  of  sulphuretted  hydrogen.  After 
filtering  and  boiling,  the  urine  may  be  used  for  Uie  test  for  ui'ea, 
due  allowance  being  made  for  the  dilution. 

I  have  shown  that  these  interfering  substances  are  uix>chrome 
and  kryptophanic  acid.  They  cannot  be  entirely  precipitated  by 
neutral  acetate  of  lead  alone;  basic  acetate  must  be  added  to  the 
urine,  and  aftei-wards  an  excesa  of  this  salt  and  some  ammonia. 
Even  then  the  entire  amount  of  the  acid  is  not  yet  removed,  but 
is  greatly  diminished,  and  the  analysis  for  urea  may  proceed. 

Analysis  of  the  Uren-NitraU  Mercuric  Oxydt  Frecipitaie 
chtaitied  in  Liebig's  Analysis  for  Urea, 

Two  litres  of  the  mercuric  nitrate  solution  were  made  accord- 
ing to  the  prescription,  A  little  baryta  nitrate  was  added,  which 
produced  a  slight  deposit.  The  solution  was  allowed  to  stand 
for  some  weeks  until  brilliant,  and  then  decanted.  This  precau- 
tion was  taken  because  it  had  been  ascertained  that  the  mercuric 
solution  always  contained  aome  sulphate-.  Some  fresh  healthy 
urine  was  now  collected,  and  it  was  found  that  10  c.c.  of  it  after 
treatment  with  baryta-mixture  15  cc,  reiiuired  21  c.c.  of  the 
mercurial  solution  lor  complete  saturation  of  the  urea.  The  total 
quantity  of  urine  was  now  treated  with  baryta  mixture,  and  of 
the  filtrate  11-420  cc.  were  Diixed  with  1848  c.c.  of  mercuric  solu- 
tion. The  lii|uid,  tested  with  sodium  carbonate,  produced  the 
Btandard  reaction. 

The  precipitate  was  allow^ed  to  stand  some  days,  and  was  then 
washed  with  water  by  means  of  a  s)^hon  arrangement,  until  the 
wash  water  had  a  barely  perceptible  acid  reaction.  The  precipi- 
tate, when  diy,  was  slightly  yelloMish,  and  weighed  about  38 
grammes. 

Analyses, — Ted  for  Ask — 1*3175  grammes  were  ignited,  and 
decrepitated  violently,  Al'ter  complete  combustion  no  residue 
was   left.      Ted  f&r  H^O^  and  S.  —  1-7130  grammes  were 


digested  in  aqua  regia,  and  BaCl^  added  No  precipitate  was 
obtaiEei 

Dciermmntion  of  Mermry. — 1^3705  grammes  ignited  in  com- 
bustion tube  with  lime,  &c.,  gave  1'0140  grammeij  Hg  =  73'9  per 
cent, 

Determinatim.  of  Nitrogen: — 07880  grammea  burned  with 
copper  oxyde,  &c,,  gave  51  ex.  of  gag  at  2VC  and  29'6  inch, 
B.  20  m.m.  KHO  column,  equal  to  45*9  c,c.  K  =  0^0574  grammes 
—  72  per  cent.  N. 

The  nitrogen  was  free  from  nitric  oxyde. 

Tlieory  of  Liahhjs  Precipitate. 
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Tlieae  reaiilta  are  sufliciently  near  the  theor}'  to  justify  the 
conclusion  tbat  the  precipitate  obtained  was  really  almost  purely 
composed  of  urea-nitratB-mercuric  oxyde.  It  dissolved,  however, 
with  difficulty  only  in  boiling  nitric  acid,  leaving  after  long  boil- 
ing a  bartdy  perceptible  insoluble  n3sidiie.  The  solution  gave  no 
precipitate  on  adding  silver  nitrate,  and  therefore  contained  no 
chlorina 

The  filtrate  from  the  urea  precipitate  gave  no  precipitate  on 
the  addition  of  baiyum  nitrate,  showing  that  no  sulphuric  acid 
could  have  been  formed  by  oxydation  after  the  removal  of  the 
urea. 

Physiolofjkal  Quantity  of  Urea, 

Numerous  experiments  have  sliown  that  a  healthy  man,  who 
lives  well,  discharges  on  an  average  from  30  to  40  grammes  of 
urea  in  twenty-four  hours,  which,  calculated  upon  one  hour, 
gives  1*25  to  1G6  grammes.  This  average  must  of  course  vary 
a  little  according  to  the  size  of  the  individual ;  and  in  the  indi- 
vidual it  must  be  dependent  on  accidental  circumstances,  which 
will  sometimes  change  it,  and  in  rare  instances  will  produce 
extreme  maxima  and  minima  But  for  practical  purposes  the 
above  figures  are  valuable,  even  though  subject  to  the  variations 
mentioned.  It  w^ould  be  a  much  better  basis  for  comparative 
reseai'ches  at  the  bedside,  if  the  average  amount  of  urea  coukl  be 
expressed  in  proportion  to  certain  units  of  weight  of  the  body, 
say  pounds  or  kilogrammes,  or  units  of  measure  of  length  of 
body,  say  centimetres.     As  urea  ia  the  principal  product  of  the 
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metamorphosis  in  the  body  of  nitrogenised  food,  its  quantity 
must  stand  in  a  direct  relation  to  the  quantity  of  food  taken  ;  or, 
if  little  or  no  food  be  taken,  to  the  amount  of  nitrogeni&ed  com- 
ponent parts  of  the  body  disintegrated  in  the  place  of  food.  In 
this  sense  must  be  taken  the  expression  that  urea  is  the  mea- 
sure of  disintegration,  or  that  the  amount  of  urea  is  the  measure 
of  the  preponderant  part  of  the  change  of  matter  in  the  system. 
The  inteiisUy  of  the  change  is  expressed  by  the  aitwuni  of  urea 
in  the  unne.  A  large  amount  of  nitrogenised  food  taken  into 
the  stomach  i^ill  increase  the  amount  of  urea  above  Uie  average ; 
a  small  amount  of  vegetable  food  will  make  it  sink  below  the 
ordinary  medium. 

In  calculating  the  discharge  of  urea  with  regard  to  time,  we 
must  take  care  not  to  lose  sight  of  the  fact  that  the  production 
of  a  given  quantity  witliin  a  certain  time  may  appear  larger  or 
smaller  according  to  certain  cii-cumstances,  which  retard  or 
facQitate  the  secretion  of  tlie  kidneys.  If  the  amount  of  fluid 
discharged  as  urine  become  very  smaU,  the  amount  of  urea  dis- 
charged in  a  given  time  will  also  be  smaller,  owing  no  doubt 
to  a  part  of  the  urea  formed  being  retained  in  the  system,  parti- 
cularly in  the  blwd  and  muscles.  If,  on  the  contrary,  the  kid- 
neys have  to  discharge  a  larger  amount  of  water,  the  total 
quantity  of  urea  will  be  raised  above  the  average  ;  l^ecause  an 
amount  of  urea  which,  under  ordinary  circumstances,  would  be 
retained  in  the  system  for  a  time,  is  dischai^ed  with  this 
increased  bulk  of  water.  This  is  the  case  for  solids  generally, 
and  we  may  well  say  that  a  large  quantity  of  water  acts  as  a 
diuretic  so  long  as  there  ai'e  soluble  substances  in  the  blood  to  be 
caiTied  away  with  it 

Pafhol<^ical  Tndicaiimis, 

If  the  amount  of  urea  remain  above  or  below  the  average  for 
any  length  of  time,  so  that  the  possibility  of  an  accidental  vari- 
ation is  excluded,  it  is  a  symptom  of  disease. 

I  win  first  consider  the  excess  of  urea.  It  is  common  in  the 
stage  of  increment  up  to  and  over  the  acme  of  all  acute  febrile 
diaeaaes,  such  as  tyrihus  and  pneumonia,  &c;  and  the  total 
quantity  of  urea  discharged  in  twenty-four  hours  mixj  amount 
to  50,  60,  or  80  grammes,  being  double  the  amount  of  that  dis- 
charged during  health,  Tliis  incre-ase  becomes  a  more  important 
feature  of  disetise,  when  the  ingestion  of  nitrogenised  matter 
falls  to  a  minimum  at  the  same  tune;  in  other  words,  because 
these  patients  have  mostly  no  appetite,  and  if  they  have,  are 
obliged  to  restrain  it  by  the  dietetic  ndea  of  their  medical  attend- 
ant As  soon,  however,  as  the  fever  has  abated,  the  amount  of 
urea  will  sink  ;  and  that  the  lower  below  the  normal  quantity, 
the  less  food  the  patients  are  able  to  take  from  the  oontinuanee 


J 


riJEA, 


55 


of  loss  of  appetite,  or  from  the  inadequacy  of  the  organs  of 
digestion  to  perform  their  task  But  as  the  patients  recover 
appetite  and  strength  the  amoiiot  of  urea  rises  to  its  usual 
height.  The  same  process  is  observ^ed  during  the  exacerbations 
of  chronic  disease,  which  in  fact  constitute  an  acute  episode  in 
the  long  train  of  symptom!^.  Thus  an  exacerbation  of  phthisis 
may  be  accompanied  by  urine  similar  to  that  of  an  attack  of 
pneumonia,  containing  an  excess  of  urea. 

But  in  diseases  which  are  chronic  and  accompanied  by  impaired 
nutrition  the  amount  of  urea  sinks  IkjIow  the  average, 

The  lowest  amount  of  urea  which  I  have  ever  observed  to 
he  discharged  by  a  patient  during  twenty-four  hours  was  5 
grammes,  in  750  cub.  cent,  of  pale,  faintly  alkaline  urine.  This 
was  from  a  lady  sulferiug  frc»m  a  tumour,  and  an  ana.'miated 
condition  of  the  body.  At  the  autopsy  the  tumour  was  found  to 
be  filled  with  and  caused  by  fteces,  which  had  escaped  from  the 
intestine  through  an  ulcerated  spot  in  its  wails. 

So  low  an  amount  of  urea  as  5  or  6  grammes  in  twenty-four 
hours  generally  only  occurs  towards  the  fatal  end  of  diseases, 
when  not  only  the  production  of  ure^  is  very  limited,  hut  also 
the  excretory  activity  of  the  kidneys  begins  to  become  languid. 

The  diminution  of  the  quantity  of  urea  mtiy,  however,  be  due  to 
the  £sdlure  of  the  excretory  activity  of  the  kidneys  only,  though 
at  the  same  time  an  excess  may  be  produced  in  the  system. 
The  excess  is  then  retained  in  the  blood,  tissues,  and  juices  of 
the  body,  and  causes  the  cachexia  commonly  known  as  urcemia. 
Wl^en  urea  is  retained  water  is  also  mostly  retained  in  part,  and, 
by  its  eflusion  into  the  cavities  and  cellular  tissue,  causes  dropsical 
disease.  Urea  may  then  be  detected  in  most  secretions,  excre- 
tions, exudations,  and  effusions.  It  is  tlie  same  with  dropsical 
ellusions  from  other  causes;  they  contain  in  solution  an  amount 
of  urea  derived  from  the  blood,  but  in  these  cases  the  impair- 
ment of  the  excretory  activity  of  the  kidneys  is  a  secondary 
symptom,  and  scarcely  ever  causes  that  amount  of  retention  of 
urea  which  may  lead  to  urjemia.  And  even  then  the  kidneys 
may  be  stimulated  by  diuretics  or  by  exercise,  or  a  spontaneous 
rally  of  the  system  may  revive  their  excretory  activity,  when, 
with  a  lai'ge  amount  of  urine,  a  proportionally  large  quantity  of 
urea,  which  has  been  accumulated  in  the  system,  may  be  dis- 
charged. The  amoimt  of  urea  will  here  indicate  the  amount  of 
depuration  eifected,  just  as  in  retention  of  urea  the  smaller 
amount  discharged  will  allow  us  to  calculate,  taking  the  whole 
case  into  consideration,  the  amount  produced,  and,  by  subtraction, 
the  amount  retained  in  the  blood. 


CHAPTER     IV. 


HiaTORY  AND  LITEHATtrBE. 

UKlCidd  we«  di»covered  and  described  by  Scheele  {"  Kongl.  Vet. 
Acad,  Handbl."  1776,  p,  327;  Scbeele'e  •*  Chemical  Essays,"  p. 
ITO)  an  the  principal  coristitueut  of  iirmary  calculi  and  deposits, 
Marveati  ("  EiicycL  Metb.  de  Cbim/*  art.  Acides)  gave  it  the  name 
of  lithic  acid,  which,  at  first  adopted  by  Fourcroy  (*'  Elements  d 
Chinu"  4,  50),  waa  by  liim  afterwards  exchanged  for  that  of 
uric  acid,  Fourcroy  and  Vauquelin  ("  Ann.  Chim."  16(1793), 
63  ;  27  (1799),  225)  confirmed  and  extended  the  observations  of 
Scheele.  Brugiiatelli  {"  Ann.  Cbim.*'  28  (1800),  56),  in  repeating 
the  decomposition  of  uric  acid  by  nitric  acid,  as  already  observed 
by  Scheele,  found  "  rosacic  acid/'  the  alluxan  of  the  present  day, 
and  oxalic  acid  ob  products  of  that  react  ion.  The  first  elementary 
analysis  of  uric  acid  was  nnidc,  and  its  actual  composition  ascer- 
tained by  Trout  ("  On  the  Nature  and  Proximate  Principles  of 
Urine/'  "Meii  Cliir.  Transact/^  1817;  **  Ann.  Chim."  91  (1818), 
379).  Twenty  years  hiter  the  researches  of  Liel^ig  and  Wohler 
C  Ann.  Cbt-m/*  26  (1838),  241}  on  a  variety  of  producU  of  de- 
composition of  this  remarkable  acid  alTorded  great  insight  into 
its  chemical  nature  and  physiological  signilieance.  Many  valu- 
able and  interesting  researches  have  since  that  time  been  made, 
the  results  of  wdiich,  as  far  as  they  concern  the  purpose  of  this 
work,  will  be  mentioned  in  the  sequel  in  their  appropriate  places. 
Occurrence, — ^Uric  acid  is  a  constant  ingredient  in  urine,  from 
which  it  can  be  obtained  in  the  crystallised  state  by  precipita- 
tion with  an  acid,  or  combined  with  bases  by  concentration.  It 
is  the  principal  constituent  of  many  sediments  which  occur  in 
urine  after  cooling,  or  already  in  the  urinary  passages,  and  these 
fret|uently  fonn  concrements  tenned  gravel,  or  larger  calculi. 
In  gout  it  is  found  in  the  blood  and  other  juices  of  the  body,  and 
forms  the  principal  ingredient  of  tlie  concretions  and  diffuse 
deposits,  w^iich  are  found  in  various  tissues,  particularly  in  the 
proximity  of  joints.  It  is  found  in  the  urinaty  excretion  of 
many  classes  of  animals,  from  the  mollusca  upwards.  Tlie  urine 
of  bixdfl  contains  a  large  amount  of  umtes,  so  that  100  paits  of 
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guano  may  be  made  (by  the  method  of  Bensch,  *'  Aim,  Chem/* 
68  (1846),  266 ;  or  of  Lowe,  "  Erdmann^s  Journ."  96  (1865),  408) 
to  yield  from  2  to  20  parts  of  uric  acid.  The  excrements 
of  serpents  consist  of  almost  pure  urate  of  ammonia,  and  there- 
fore are  the  most  convenient  material  for  procuring  pure  uric 
acid 

Mvih  of  obtaining  it  pure  from  the  cacrcments  of  serpeiits.^-^The 
powdered  excrements  are  dissolved  in  a  hot  ley  of  caustic  potash 
or  soda»  containing  one  part  of  solid  alkali  in  10  parts  of  water, 
and  boiled  until  ammonia  is  no  longer  evolved.  The  solution  ia 
now  filtered  through  paper,  after  which  a  current  of  carbonic 
anhydiide  is  made  to  pass  through  it  until  the  precipitate,  which 
at  first  is  jelly-like,  and  coDsista  of  alkaline  urate,  becomes 
granular,  and  sinks  to  the  bottom  of  the  vessel  as  acid  urate. 
The  mixture  should  be  allowed  to  stand  for  twenty -four  hours 
to  efi'ect  complete  precipitation.  The  precipitate  is  then  placed 
on  a  filter,  and  washed  with  cold  water  until  the  filtrates  become 
turbid.  The  salt  so  obtained  is  again  dissolved  in  hot  dilute 
alkaline  ley,  and  this  solution  is  poured  into  hot  dilute  hydro- 
chloric acid,  which  must  be  more  than  sufficient  to  neutralise  all 
the  alkali  Perfectly  white  and  pure  uric  acid  is  precipitated ; 
and  after  decanting,  filtering,  and  wa,»3hinL%  is  dried.  It  consists 
of  small  scales,  being  mostly  incomplete  rhombic  plates. 

Mode  of  €jci meting  it  from  human  urim, — Fresh  urine  is  filtered 
through  coarse  filtering  paper,  and  mixed  with  about  5  per  cent. 
of  pure  hydi-ocbloric  acid.  It  ia  then  allowed  to  stand  in  a  warm 
place  for  twenty-four  hours,  after  which  yellow  or  brown  crystals 
of  uric  acid  will  be  found  floating  on  the  surface  of  the  fluid  and 
adhering  to  the  sides  and  bottom  of  the  vessel  They  are  sunk 
by  agitation  with  a  glass  rod,  to  which  a  piece  of  caoutchouc 
tubing  is  attached.  When  tbey  have  settled  the  fluid  can  be 
decanted  and  the  deposit  washed  by  water,  to  be  removed  by 
decautation.  A  brownish  very  fine  deposit  of  altered  colouring 
matter,  which  is  easily  roused  by  agitation,  and  diflers  greatly  in 
appearance  from  the  uric  acid,  may  be  removed  with  the  wash- 
ings. The  crj'stals  of  uric  acid  are  ultimately  collected  on  a 
filter  and  dried.  Uric  acid  can  be  obtained  from  urine  by  mere 
evaporation  in  the  following  manner : — The  urine  is  evaporated 
to  one-sixth,  and  filtered  while  warm.  It  is  then  slowly  evapor- 
ated on  the  sand-bath  until  a  pellicle  forms  on  its  surface.  This, 
by  coohug,  becomes  thick,  and  consists  of  uric  acid  and  little 
urate.  Decomposition  by  caustic  alkali,  spirit,  and  acid,  will 
yield  the  uric  acid  in  a  pure  state. 

Mode  of  a^c^rtahmjg  the  quantity  of  uric  emd  in  urine, — In 
experiments  where  only  approximative  insults  are  required,  the 
uric  acid  obtaiued  from  a  given  quantity  of  urine  with  hydro- 
chloric acid,  by  the  process  just  mentioned,  may  be  weighed.     It 
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Ims  been  estimated  by  Heintz  ("  PoggentL  Ahil"  7o  (1847), 
122)  that  tlie  loss  incurred  by  the  imperfect  insolubUity  in 
acidulated  uriue  of  uric  acid  amounts  to  9  parts  in  100,000  of 
the  urine  iLsed  for  the  analysis,  and  that  this  loss  ia  not  in- 
creased by  the  presence  of  sugar,  albumen,  or  the  soluble  consti- 
taenta  of  blood.  In  all  cases  this  loss  is  compensated  by  a 
certain  amount  of  red  or  broviTiish  colouring  matter,  which  is 
strongly  adherent  to  the  particles  composing  the  crystals.  If  the 
urine  contain  biliary  products,  the  uric  acid  ciystals  may  con- 
tain 80  much  colouring  matter  that  it  may  be  necessary  to  purify 
them  of  it  This  is  best  effected  by  dissohing  the  acid  in  alkali, 
adding  spirit  of  wine  to  the  solution,  and  precipitating  it  again 
by  hydrochloric  aid.  The  spirit  retains  the  greater  part  of  th<» 
colouring  matter.  The  results  obtained  by  the  process  of  preci- 
pitation are  subject  to  great  variations,  which  mainly  depend  on 
the  var}4ng  proiKjrtions  between  the  quantity  of  uric  acid  and 
the  amount  of  urine  in  which  it  is  dissolved  Sometimes  not  a 
crystal  of  uric  acid  is  obtained  from  a  specimen  of  urine  by  treat- 
ment with  acid,  while  a  specimen  of  the  same  urine,  treated  by 
the  processes  to  be  descrilied  below,  will  yield  a  normal  amount 
of  it.  In  all  cases,  therefore,  where  the  specific  gravity  of  the 
urine  is  less  than  1012,  it  is  advisable  to  evaporate  it  until  it 
shows  about  the  normal  specific  gravity.  As  every  10,000  parts 
of  urine  retain  one  part  of  uric  acid  in  solution,  the  evaporation 
of  every  10,000  partB  will  increase  the  ultimate  residt  by  the 
amount  of  one  part. 

Concentrated  urine,  such  as  that  of  fever  patients,  when  it 
has  had  no  time  to  cool  and  deposit  urates,  sometimes  lets  fall 
a  copious  precipitate  immediately  on  addition  of  an  acid  This 
consists  of  amorphous  hydrated  uric  acid,  and  becomes  crystalline 
after  standing  some  time,  immediately  when  it  is  heated  with  the 
fluid.  When  precipitates  of  urates  have  been  formed  in  urine 
in  which  uric  acid  is  to  l>e  determined,  they  must  either  be  redis- 
solved  in  the  entire  amount  of  urine  from  which  they  have 
fallen,  or  separated  by  filtration,  and  the  mic  acid  contained  in 
them  determined  by  a  separate  experiment. 

In  all  cases  of  kidney  disease,  or  other  disorders  of  the  iiricaiy 
organs  in  which  formed  elements,  such  as  casts  of  the  uriniferous 
tubes,  pus,  blood,  or  cancerous  ceUs  are  mixed  with  the  urine, 
any  urates  that  have  fallen  must,  under  all  circumstances,  be 
redissolved  in  the  entire  amount  of  urine  by  heating  it  in  a 
water-bath  to  blood  heat.  The  urine  is  then  filtered  at  that 
temperature,  and  immediately  mixed  with  acid,  if  it  is  desired 
to  isolate  and  determine  the  quantity  of  uric  acid 

When  no  urates  have  separated,  simple  filtration  is  a  sufficient 
preparation  for  the  treatment  with  acid  of  any  specimen  of  urine, 
whether  it  be  normal,  or  contain  sugar,  albumen,  or  any  of  the 


UEIC  AQID. 


59 


soluble  constituents  of  blood,  or  fatty  serum,  aa  in  so-called 
chylous  urine. 

SiTomi  method, — As  m  the  former  method  more  or  lees  uric 
acid  remauis  in  solution,  tho  following  process  may  t»e  adopted 
whei'e  greater  accuracy  is  desired.  The  urine  after  filtration  is 
evaporated  to  the  consistence  of  a  syrup,  treated  with  some 
hydrochloric  acid,  and  extracted  with  alcohoL  The  insoluble 
part  is  treated  with  a  dilute  solution  of  potash,  and  some  spirit 
is  added  to  the  solution,  which  is  then  filtered  It  is  made 
boiling  hot,  and  acidified  with  hydrochloric  acid,  when  all  the 
uric  acid  Is  precipitated. 

The  uric  acid  may  be  convetiiently  extracted  from  the  residue 
which  remains  after  the  extmction  of  hippuric  acid.  This  residue 
is  diluted  with  a  little  water,  filtered,  and  the  precipitate  washed. 
After  solution  in  potash,  filtration  and  reprecipitation,  uric  acid 
in  coloured  crystals  is  obtained.  In  this  and  the  former  pro- 
ceeding the  admixture  of  some  xanthine  is  possible*  It  can  be 
extracted  by  an  excess  of  ammonia. 

The  uric  acid  obtained  by  either  of  the  above  processes  is  dried, 
removed  from  the  filter,  and  put  into  a  watch-glass,  or  porcelain 
dish,  or  low  glass  bottle  which  can  be  covered  or  stoppered.  It 
is  next  dried  in  the  water-bath  until  it  does  not  lose  weight  any 
longer*  The  vessel  is  now  covered,  and  the  closed  apparatus 
allowed  to  cool  over  sulphuric  acid  under  a  closed  receiver,  and 
is  then  weighed.  The  weight  of  the  vessel  when  empty  deducted 
from  its  weight  when  charged,  leaves  the  weight  of  the  uric 
acid.  Salkowsky  (Virchow  s  "  Archiv.*'  52,  58)  has  proposed  to 
isolate  the  uric  acid  which  is  not  precipitated  by  HCl,  by  argentic 
nitrate  in  an  ammoniac^l  solution.  For  this  purpose  the  urine 
filtered  from  the  precipitated  uric  acid  is  made  alkaline  with  am- 
monia, and  the  phosphoric  acid  is  removed  by  magnesia  mixture. 
An  ammoniacal  solution  of  argentic  nitrate  is  added  to  the  filtmte, 
and  the  precipitated  compound  placed  on  a  filter,  washed,  and 
decomposed  with  hydrothion  in  alkaline  solution.  The  filtrate, 
with  acid,  yields  the  uric  acid.  From  later  communications  of 
Salkowsky  (Pfitiger's  "  Archiv."  5,  210),  it  appears  that  this 
precipitate  is  a  mixture  of  argentic  urate  with  the  urate  of  the 
earth  employed,  in  the  above  case  magnesia,  and  a  little  amnionic 
urate.  In  no  case  was  the  precipitate  found  to  have  any  definite 
constitution,  and  coidd  therefore  not  be  used  for  the  determina- 
tion of  the  uric  acid  without  obtaining  the  latter  in  the  free  state. 
Schwanert  ("  Ann.  Chem."  163  (1872),  153 ;  Ber.  D.  Ch.  G.  5 
(1872),  316)  finds  that  the  method  proposed  by  Salkowsky  oflers 
.  no  advantage  over  the  compensation  by  calculation  according  to 
Heintz,  l»ecause  a  quantity  of  uric  acid  is  lost  in  the  precipitate 
of  phosphates  of  earths  by  ammonia,  and  another  quantity  m  lost 
by  oxydation  from  reduced  silver.     The  result  ia  therefore  leaa 
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accurate  than  the  compensation,  by  calculation,  and  in  no  case 
I  tewards  the  trouble  and  loss  of  time  experienced  in  its  execution. 

Physical  Propcrtus. — When  to  a  solution  of  a  urate  hydro- 
chloric acid  is  added,  uric  acid  is  precipitated  as  a  jelly-like 
mass.  This  hydrate  is  transformed  into  anhydrous  scales  by 
wanning  the  mixture.  Dr}^  uric  acid  is  a  white  light  powder, 
consisting  of  small  dehcate  scales  \sith  irregular  outline,  of  which 
the  rhombic  shape  is  mostly  the  origin. 

CrysiaUographt/.—The  purest  and  most  perfect  crystals  of  uric 
acid  which  can  be  obtained  are  oblong  square  plates,  which 
might  pass  for  rectangular  and  quadratic,  but  with  the  aid  of 
other  less  common  forms  are  recognised  to  he  rhombic  platea, 
with  extremely  obtuse  angles.  A  secondary  prism  may  take  off 
the  angles  of  the  primary  plate.  When  the  secondary  prism 
begins  to  predominate,  we  have  a  hexagonal  plate*  In  this  form 
uric  acid  is  frec^uently  obtained  when  precipitated  imm  its 
ammoniacal  solution  by  acetic  acid.  In  this  form  it  also  crystal- 
lises from  its  solution  in  concentrated  hydrochloric  acid.  In 
many  cases  the  one  pair  of  opposite  angles  of  a  plate  become 
more  acute,  the  other  more  obtuse,  and  plates  may  be  observed 
varying  from  tlie  rectangular  form  to  that  of  needlea  When 
crystallising  slowly  from  a  solution  the  needles  of  uric  acid  some- 
(times  attain  a  length  up  to  a  quarter  of  an  inch,  and  arrange 
themselves  in  sheaves  or  dendriticaUy.  To  the  foregoing  ele- 
mentary forais  all  crystfils  of  uric  acid  occurring  either  as  spon- 
taneous deposits  in  the  urine,  or  as  products  of  a  chemical  process 
out  of  the  body  may  be  referred. 

Occasionally  twin  crystals,  composed  of  two  rhombic  plates 
crossing  at  right  angles,  or  at  an  angle  of  45",  are  observed.  There 
is  another  midtiplication  in  which  spinous  crystals  are  placed 
upon  a  square  plate,  or  imitate  the  square  plate.  This  modifica- 
tion is  usually  large,  and  frequently  obtained  from  urine  by  the 
addition  of  nitric  acid.  The  student  should  reproduce  aU 
common  varieties  of  form  in  order  to  enable  himself  to  classify 
all  the  irregularities  usually  occurring  in  spontaneous  deposits. 

The  common  rhombic  plates  of  uric  acid  deposits — when  formed 
rather  quickly  round  other  matters,  such  as  granules  of  urates — 
exhibit  holes  and  other  irregularities  in  their  substance  such  as 
usually  attend  hasty  formation.  The  obtuse  angles  frequently 
become  rounded  otl',  less  fre^|uently  the  pointed  angles.  In  both 
caaes  the  rhombic  plates  Ijeconie  oval  This  rounding  off  of  the 
obtuse  angles  produces  the  so-called  lozenges.  The  shape  of  the 
crystals  in  pathological  deposits,  as  well  as  in  art-preparations, 
depends  upon  the  concentration  and  temperature  of  the  urine  or 
solution,  the  presence  or  absence  of  abnormal  or  decomposed 
normal  colouring  matter,  and  its  amount,  and  the  nature  and 
quantity  of  the  acid  by  which  uric  acid  is  precipitated. 
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Uric  acid  polarises  light,  the  large  pure  plates  do  so  only  faintly, 
because  they  are  mostly  covered  with  a  sort  of  dew.  The  more 
transparent  the  crystals  become,  the  more  pronounced  will  be- 
come their  chromatic  polarisation.  Crystals  obtained  from  urine 
by  acetic  acid,  and  from  a  solution  in  hydrocliloric  acid  are 
particularly  suited  for  the  experiment. 

Chtmicai  Properties, — The  crystallised  acid,  on  dr)nng  at  100** 
loses  25*6  per  cent.,  or  two  molecules,  of  water  of  crystallisation. 
It  is  destitute  of  taste  and  smelL  It  is  nearly  insoluble  in  cold, 
sparely  soluble  in  hot  water ;  one  part  of  the  acid  requires  for 
Ruluiion  1800  to  1900  parts  of  boiling  water,  and  14,000  to 
15,000  parts  of  water  at  20°.  The  wateiy  solution  faintly 
reddens  litmus  paper.  The  acid  is  a  little  more  soluble  in 
hydrochloric  acid  than  in  water.  Boiling  concentrated  hydro- 
chloric acid  dissolves  a  quantity  of  uric  acid,  which  is  partly 
deposited  in  crystals  on  cooling,  another  part  is  obtained  on 
evaporation  of  the  acid.  In  concentrated  sulphuric  acid,  uric 
acid  is  soluble  without  decomposition,  and  is  precipitated  from 
this  solution  by  the  addition  of  water.  It  is  insoluble  in  alcohol 
and  ether.  It  is  with  facility  dissolved  in  a  solution  of  the 
common  phosphate  of  sodium,  as  also  in  solutions  of  many  other 
salts  of  the  alkalies,  particularly  at  higher  temperatures.  In 
these  cases  uric  acid  combines  with  part  of  the  base,  and  gives 
rise  to  the  formation  of  acid  salts,  which  impart  to  the  solution 
an  acid  reaction. 

MelamoTjilmscs. — Uric  acid  is  capable  of  undergoing,  in  the 
hands  of  the  chemist,  a  very"  large  number  of  metamorphoses  ioto 
compounds  of  gi-eat  general  interest.  Of  these,  however,  only  a 
limited  number  are  of  scientific  importance  in  physiological  and 
pathological  chemistiy,  according  to  whether  they  show  the  ante- 
cedents of  the  acid,  or  its  transformation  into  final  products  of 
the  economy,  or  enable  ua  to  recognise  it  by  means  of  what  is 
ordinarily  termed  a  chemical  reaction* 

Amongst  the  metamorphoses  of  uric  acid  which  might  show  its 
antecedents,  are  those  into  xanthine  and  hypoxanthine.  Thia 
process  of  reduction  or  abstraction  of  oxygen  is  said  to  be  effected 
by  the  agency  of  dilute  sodium-amalgam  upon  a  solution  of  uric 
acid  in  caustic  alkali  (Eheineck).  The  details  and  experimental 
proofs  of  this  experiment  have  never  been  given,  and  it  has 
moreover  failed  on  repetition  in  the  hands  of  several  inquirers. 
The  inverse  operation,  namely,  the  transformation  of  hypoxan- 
thine into  xanthine,  and  of  the  latter  into  uric  acid,  by  the 
addition  of  oxygen,  has  also  not  yet  been  effected.  Under  the 
influence  of  heat  uric  acid  is  decomposed  without  being  fused* 
By  its  dry  distillation  a  sublimate  is  obtained,  consisting  of 
cyanuric  acid,  urea,  ammonium  carbonate,  and  ammonium 
cyanide*      At  the  same  time  hydrocyanic  acid  escapes,  and 
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some  carbon  remains  behind,  which  is  porous,  and  contatna 
nitrogen. 

Concentrated  nitric  acid  (4  parts  of  1*42  spec,  gr.)  dissolves 
uric  acid,  (1  part)  under  effervescence,  carbonic  anhydride  and 
nitrogen  being  disengaged  The  reaction  consists  in  the  foi^ 
mation  of  alloxan,  urea,  and  nitrous  acid ;  the  latter  decom- 
posing urea  in  the  moment  of  formation  into  carbonic  acid  and 
nitnjgen.  Alloxan,  C^Hj^N^O^,  remains  in  large  colourless  rhombio 
octahedra,  wliich  are  disintegrate  under  the  influence  of  air,  and 
are  readily  soluble  in  water.  The  solution  reddens  litmus  paper, 
and  imparts  a  pnrple  colour  to  the  skin.  Under  the  inllneuoe  of  ^ 
bromine  uric  acid  is  transformed  into  alloxan  and  urea— 

C^H.N.Oj  +  0  +  H^O  =  C.H^NjO,  +  CH^N.O. 

Alloxan^  on  further  oxydation,  loses  a  molecule  of  carbonic 
anhydride,  and  is  transformed  into  parabanic  acid — 

C.HgNsO,  4-  0  =  COg  +  C^H^NjOg. 

Parabanic  acid,  by  taking  up  two  mulecnlea  of  water  is  traBinl 
formed  into  oxalic  acid  and  urea — 

It  is  thus  shown  that  the  pnxiucts  of  the  oxydation  of  uric 
acid  are  urea^  carbonic  anliydride,  and  oxalic  acid ;  of  these  the 
latter  is  easily  transformed  into  carbonic  anhydride  and  water  by 
the  accession  of  an  atom  of  oxygen.  These  reactions  have  given 
rise  to  the  hypc^thesis  that  uric  acid  is  a  product  of  the  animal 
economy  which  might,  or  ought  to  have  been,  oxydised  into 
urea,  carbonic  acid,  and  water,  but  which  has  escaped  such 
oxydation.  The  hypothesis  involves  another,  namely,  that  all 
urea  in  the  urine  was  at  a  stage  intmediately  previous  to  its 
formation  in  the  form  of  uric  acid  As  a  certain  degree  of  pro- 
bability, and  with  relation  to  the  chemical  process  which  deter- 
mines gout,  great  importance  attaches  to  these  hypotheses,  they 
should  be  further  investigated 

Uric  acid,  when  dissolved  in  dilute  nitric  acid,  j^elds  alloxan- 
tine,  CjjH^N^O^  +  i^H^O,  distinguished  by  a  purple  reaction  when 
ammonia  is  added  to  its  warm  solution,  or  ammonia  gas  is 
passed  over  a  quantity  of  the  dry  substance  kept  hot  in  the 
water-batk  The  purple  protluct  is  murexide,  or  purpurate  of 
ammonium^ — 

C,H,N,0,  +  2NH,  =  C,H,(NHJN,0,  +  H^O. 

Murexide  was  tirst  obtained  by  Scheele,  and  analysed  by 
Prout,  who  declared  it  to  be  the  ammonium  salt  of  purpuric 
acid  This  opinion  was  frequently  called  in  question  by 
chemists,  as  the  acid  coulil  not  be  obtained  in  the  free  state. 
The  researches   of  Beilstein   (''Ann.  Chem."  107   (1858)  176) 
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have,  however,  proved  that  murexide  is  really  acid  ammomum 
pivrpurate,  and  that  purpuric  acid,  although  of  considerable 
stability  in  its  compounds,  is  decomposed  in  the  moment  of  its 
libemtiou  by  Btioeger  acids  into  uramil  and  alloxan^ — 

This  reaction  furnishes  a  test  by  which  small  quantities  of 
uric  acid  can  be  recognised.  When  it  is  desired  to  test  for  uric 
acid  small  quantities  of  material  obtained  from  organic  mixtures, 
certain  precautions  are  requisite  to  ensure  the  integrity  of  the 
teat.  The  first  of  them  is  to  purify  the  substance  to  be  tested 
from  colouring  matters,  which  also  yield  fallacious,  red  or  reddish 
reactions  under  the  action  of  dilute  nitric  acii  If  a  small 
quantity  of  the  purified  matter  is  placed  in  a  porcelain  dish  with 
a  few  drops  of  nitric  acid,  and  after  solution  evaporated  to  diy- 
ne^  on  the  water-bath,  a  residue  is  obtained  which  assumes  a 
purple-red  colour  descending  from  the  sides  towards  the  middle 
of  the  dish.  A  drop  of  water  ^^ill  effect  solution  of  the  residue, 
all  colour  disappearing  for  the  time.  Ileuewed  evaporation  will 
again  produce  the  colour.  Care  must  be  taken  not  to  add  an 
excess  of  ammonia  to  the  residue,  as  that  quickly  destroys  the 
colour  or  prevents  its  appearance.  When  only  a  small  amount 
of  residue  remains  it  is  be^t  to  merely  moisten  it  with  a  trace  of 
water,  and  blow  a  little  ammonia  vapour  upon  it,  when,  if  it  be  or 
contain  alloxantine,  the  purple  colour  of  the  murexide  will  at  once 
appear.    The  solution  can  be  further  identitied  by  its  spectrum. 
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On  making  uric  acid  and  water  into  a  pap,  and  gradually  add- 
^  ing  plumbic  peroxide,  and  keeping  the  mixture  near  the  boiling- 
pomt,  the  lead  is  transformed  into  oxalate,  and  carbonate,  car- 
bonic acid  is  evolved  with  effervescence,  and  the  filtered  fluid, 
on  cooling,  deposits  crystals  of  allantoine;  the  mother-liquor 
yields  urea.  The  reaction  consists,  in  the  first  instance,  in  the 
transformation  of  uric  acid  into  allantoine,  according  to  the 
equation — 

C,H,N,0,  +  H,0  -t-  0  =  C,H,K,0,  +  CO,. 

Some  of  the  allantoine  is  further  oxydised  into  urea  and  oxalic 
acid,  according  to  the  formula^ — 

C^H^N^Og  +  2H,0  +  0  =  2(CB^Nfi)  +  CgH^O,, 
It  will  be  seen  that  the  last  products  of  this  reaction  are  the 
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same  as  those  of  the  oxydation  by  concentrated  nitric  acid, 
namely,  nrea,  oxalic,  and  carbonic  acid,  bnt  that  the  succession 
in  which  they  are  obtained  is  different.  Both  reactions  show  i 
that  there  is  one  atom  of  carbon  in  uric  acid  less  intimately  com- 
bined, and  more  accessible  to  oxygen  than  the  other  four  atoms ; 
in  the  t^eaction  with  lead  peroxyde  this  atom  is  oxydised  and 
split  off  at  once  ;  but  in  the  reitction  with  nitric  acid  it  remaina 
attached  to  the  rest  w^hich  forms  alloxan,  and  is  only  detached 
from  this  by  a  secondary  oxydation. 

AUantoine  derives  its  name  from  its  having  originally  been 
discovered  in  the  liquid  w^hich  surrounds  the  foetus  in  ut^^ro  of 
horned  cattle,  and  was  supposetl  to  represent  the  fluid  of  the  J 
allantoic  niembraoe,  but  is  actually  that  of  the  amniotic  sac  a»i 
well.  It  seems  to  be  there  as  the  product  of  the  urinarj^  excre- 
tion  of  ihe  fa'tus  ;  for  after  birth  it  is  still  found  in  the  urine  of 
the  sucking  calf,  and  is  only  gradually  displaced  by  the  ordinary^ 
constituents  of  the  urine  of  adult  cows. 

Uric  acid  is  not  decomposed  by  boiling,  even  for  a  long  time, 
with  concentrated  hydrochloric  acid.  But  w4ien  dr)^  uric  acid  is 
heated  in  sealed  tubes  with  hydriodic  or  hydrochloric  acid  satu- 
rated in  the  cold  to  100**  and  170^  it  takes  up  the  elements  of 
water  and  is  decomposed  into  ammonia,  glykocoll,  and  free 
carbonic  anhydride — 

CgH.N.Og  +  5H,0  =  CgH.NO,  +  3C0j  +  SKH^. 

If  we  consider  the  elements  of  glykocoll  to  stand  in  some  par- 
ticularly near  relation  to  each  other  in  the  uric  acid,  then  the 
rest  of  CgNgO  may  he  considered  as  the  complement  A  body 
of  the  composition  CgHN^O^,  might  od  combining  with  glykocoll 
under  elimination  of  an  atom  of  water  form  uric  acid,  thus — 

Notwithstanding  these  remarkable  reactions  the  chemical  con^l 
stitution  of  uric  acid  is  not  yet  certainly  evolved^     If  it  stood  in  1 
the  I'elation  to  xanthine  and  hyjHjxanthioe  indicated  by  the] 
reactions  and   composition  of  these   bodies,    it  might  be   con-  ' 
sidered  as  a  double  ammonium  base,  having  the  properties  of  an 
acid.     In  this  case  hydrogen  might  be  considered  to  be  replaced 
by  the  radicals  cyanogen,  glycolyl,  carboxyl,  oxygen,  all  of  wiiich 
might  be  expressed  by  the  structure  formula — 

CN 

N  +  H,0  =  CH,N^O  =  Urea 


CN 


N 


+  O     =^C,H^p^-AUoxan. 
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'gHg  (N'H jN^Og  is  always  produced  when 


Sfflls  of  Uric  Acid;  Urates. — Uric  acid  being  a  dibasic  acid 
forms  two  kinds  of  salts,  Eeutral  aud  acid  ones.  The  neutral 
salts  contain  two  atoniB  of  a  nioDociyiiamic  metal  or  one  atom  of 
a  didyuamic  metal,  in  place  of  two  atoms  of  hydroj^en.  Thus 
neutral  sodic  urate  is  C.HgNa^N^O^  +  H^Q,  neutral  calcic 
urate  CgH^CaN^O^  +  H^O,  These  salts  are  very  unstable,  and 
are  decomposed  by  carbonic  acid.  The  acid  urates  are  perma- 
nent salts,  and  contain  one  atom  of  a  monodynamic  metal  in 
the  place  of  one  hydrogen  of  the  aeid.  They  contain  half  a 
molecule  of  water  upon  every  dynamicity  of  metal,  consequently 
the  sodium  siJt  has  the  formula  ^(CgHjjXaN^OJ  4- HjO.  But 
the  salts  of  the  didyuamic  metals  have  the  formula  represented 
the  calcium  salt  C  " 
mnwnk  Urate. 

c  acid  and  ammonia  meet  each  other.  When  pure  and  dry  it 
is  a  white  amorphous  mass,  perfectly  .soluble  in  water,  one  part, 
however,  requiring  for  solution  1608  paits  of  water  at  15**.  It 
may  be  obtained  in  small  delicate  needles  by  treating  uric  acid 
in  boiling  water  with  an  excess  of  ammonia,  or  by  dissolving 
uric  acid  in  a  wai^m  solution  of  phosphate  of  soda  and  ammonia, 
and  allowing  the  crystals  to  separate  by  rest.  In  the  latter 
ciise  the  needles  are  united  in  groups,  irregular  or  regular,  pre- 
senting a  star-like  arrangement  of  rays  emanating  from  a  solid 
globe.  The  presence  of  urine,  chloride  of  ammonium,  sodium, 
or  acetate  of  ammonium  prevents  this  form  of  crystallisation. 
When  crystallising  out  of  a  solution  in  ammunia.  it  forms  round- 
ish, oval,  or  dumb-bell-like  masses  of  a  radiated  structm-e  and 
polarising  properties.  WTien  appearing  as  a  precipitate  in 
ammoniacal  urine,  it  forms  very  slender  dumb-bells,  which  were 
first  described  and  ligured  by  Prout  ("  Stomach  and  Urinary 
Diseases"  3d  edit  PL  L  iigs,  1  and  4).  This  physician  also 
found  that  a  peculiar  kind  of  urinary^  calculus  sometimes  met 
with  consists  of  ammonic  urate, 

Acid  Sodic  Urnte,^2  (Cj^HgNaNp^)  +  H^O  is  obtained  by 
dissolving  uric  acid  in  caustic  soda,  and  precipitating  it  by  a  cur- 
rent of  carbonic  anhydride ;  by  mi-xing  a  boiling  solution  of  uric 
acid  in  caustic  soda  with  sodic  bicarbonate,  or  by  digesting  uric 
acid  in  a  hot  solution  of  common  sodic  phosphate.  By  the  first 
preparation,  or  by  spontaneous  evaporation  of  a  saturated  solu- 
tion, the  salt  is  obtained  in  spherical  masses  and  granules.  The 
second  and  third  mode  of  preparing  yield  it  in  the  form  of 
delicate  needles,  which  combine  to  fonn  stars  and  tufts.  It 
occurs  in  the  urine  dissolvetJ,  and  as  a  sediment  in  the  blor)d 
during  gout,  and  in  gouty  concretions.  It  is  si^luble  in  123  to 
125  pai'ts  of  boiling  water,  and  requires  11 00  to  1200  parts  of 
water  of  15^  The  solution  is  neutral,  and  does  not  absorb  car- 
bonic acid ;  a  precipitate  is  produced  in  it  by  the  bicarbonates  of 
alkalies,  and  by  the  salts  of  barpini,  lead,  and  silver. 


ss 
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Saiic  Quadrhmite,  C^^II^NaN  .O3+  C^H^N^O..— This  salt  occurs 
naturally  in  deposits  from  heiilthy  urine,  and  may  be  prepared 
artificially  as  follows . — Vixr^  uric  acid  is  dissolved  in  soila-ley, 
and  acc^tic  acid  is  added  to  the  diluted  solution  until  it  has  a 
feebly  acid  reaction.  The  preciintate  which  forms  has  the  above 
composition.  The  compound  may  also  be  obtained  by  dissolving 
uric  acid  in  a  heated  solution  of  coumion  swlic  phosphate,  but  is 
then  mixed  with  common  acid  unite.  Wien  to  the  solution  of 
uric  acid  in  sodic  phospliate  vaniiig  amounts  of  hippuric  acid 
are  added,  sediments  are  obtained  after  several  houiV  standing, 
which  may  l:)e  either  uric  acid,  or  sodic  quadri urate,  or  a 
mixtuix^  of  b(jth.  The  feo<lic  quadriurate  is  amorphous.  When 
thrown  on  a  filter  and  washed  "with  water,  the  substance  remain- 
ing on  the  filter  i.s  changed  into  a  mass  of  crystals,  consisting  of 
pure  uric  acid.  The  filtrate  contains  acid  sodic  urate  in  solutjon. 
This  decomposition  of  the  quadriurate  in  acid  urate  and  free  uric 
acid  is  eflected  quicker  by  boiling  with  water.  The  compound 
bears  wa.shiog  withmethvlated  spirit  without  undergoing  change. 

Acifi  Potassie  Urate,  2*(C^H3KN^03)  +  I1/),  is  obtained  by  the 
same  process  as  the  sodic  salti  best  by  treating  with  carbonic 
acid  the  solution  of  uric  acid  in  caustic  potash.  It  then  appears 
in  granules.  When  these  are  dissolved  in  boiling  water  they 
do  not  reappear  on  cooling,  but  tlakes  are  deposited  in  their 
stead,  which,  after  drying,  form  an  amorphous  mass.  The  salt 
requires  for  solution  from  70  to  80  parts  of  boiling,  and  from 
780  to  soil  parts  of  water  of  20°  It  is  insoluble  in  alcohol  and 
ether,  and  does  not,  unlike  tlie  urate  with  two  atoms  of  potas- 
sium, absorb  carbonic  acid,  Ita  watery  solution  has  a  neutral 
reaction,  no  taste,  and  is  precipitated  by  amnionic  chloride,  the 
alkaline  bicarbonates,  and  solution  of  l>ar^^m,  lead,  and  silver, 

rot(u%u€  QuadrinraU',  C^Hj^KN/J,, 4-CgH^N^0j,,occursin healthy 
urine  as  a  deposit,  and  may  be  prepared  by  dissohijig  uric  acid 
in  potash,  and  adding  acetic  acid  until  the  liquid  is  slightly  acid. 
On  standing,  an  amorphous  precipitate  falls,  which  is  soluble 
on  heating,  and  contains  no  free  uric  acid.  But  when  it  is 
washed  with  water  even  once,  it  is  decomposed,  uric  acid  in  a 
crystallised  state  remaining  on  the  filter,  and  acid  urate  passing 
through  the  tilter  dissolved  in  the  water.  The  same  decomposi- 
tion is  effected  by  boiling  with  water,  and  in  so  complete  a 
manner  that  the  crystals  of  uric  acid,  separated  after  cooling, 
contain  no  trace  of  potash.  The  salt  is  not  decomposed  by 
washing  with  alcohoL 

Add  CaHc  ITrate,  C^oH^CaNgO^  +  H2O,  occurs  occasionally  in 
small  quantities  in  the  urine,  io  sedimeiits  and  concretions,  par- 
ticularly the  gouty  tumours  near  joints.  It  can  be  obtained 
by  nnxing  a  sobitiou  of  cnlcic  chloride  with  a  boiling  solu- 
tion of  potassic  or  sodic  urate,  when  calcic  urate  falls  do^^Ti  as 
n    amorpbnus   precipitate.     If  the  urate  employed  is  a  little 


tTRIC  ACID. 


67 


alkaline,  warty  groups  of  needles  are  sometimes  obtained.  The 
suit  requii^ea  G03  parts  of  cold  and  276  parts  of  boiling  water  for 
solution.  Its  8olui»i]ity  is,  however,  increased  by  the  presence 
of  a  small  amount  of  potassic  chloride. 

Acid  Baric  Urate  has  the  same  constitution  as  the  calcic  salt, 
but  is  much  less;  soluble  in  water.  It  is  sometimes  produced  in 
chemical  ope mt ions  upon  the  urine  for  the  Isolation  of  other  sub- 
stances, fij/,,  the  alkaloids  by  the  phosphomolybdic  acid  process. 

The  urates  of  Ike  he^iiyy  nutals  am  mostly  amorplious  insoluble 
precipitates*  Tlie  silver  compound  is  quickly  decomposed  by 
separation  of  silver.  A  compound  of  lu-ic  acid  with  copper, 
probably  cuprous  nrate,is  obtained  by  mixing  a  hot  solution  of  sodic 
urate  with  a  hot  solution  of  Feliling's  copper  test,  and  heating 
gently  for  a  short  time,  A  wliite  precipitate  is  the  compound 
in  tiuestion.  It  is  very  little  soluble  in  Ixdling  ley  or  water, 
and  when  treated  with  hot  hydrochloric  acid  immediately  yields 
crystallised  uric  acid,  while  copper  goes  into  sohition,  and 
gradually  assumes  a  deeper  colour  by  oxydation,  A  dilute 
alkaline  solution  of  urate  when  boiled  for  some  time  with  excess 
of  Fehling's  solution  is  entirely  destroyed,  while  red  suboxyde  of 
copper  is  deposited.  It  is  therefore  clear  tliat  in  the  foregoing 
formation  of  a  cuprous  salt  the  reduction  of  the  oxyde  is 
etlected  at  the  expense  of  a  portion  of  the  uric  acid. 

Amorphous  Dejxkfits  of  Uratt^  in  Htalthi/  Urinr, — In  the  urine  of 
healthy  men,  who  eat  much  meat,  and  ilrink  little  water,  a 
deposit  oceui-s  with  considerable  regularity.  It  appears  from  the 
analyses  of  various  inquirers  (Heintz,  "  Miiller's  Archiv/'  1845, 
p.  230 ;  Scherer,  "  Canstatt's  Jahresber,"  f,  1849 ;  Bence  Jones, 
"Chem,  Soc,  Journ/'  15,  201)  that  it  has  no  constant  composi- 
tion, but  is  a  mixture  of  difl'erent  acid  urates,  which,  by  the 
influence  of  other  substances  contained  in  the  urine,  have  lost 
their  peculiar  erystj.lliue  forms^  and  separate  in  an  amorphous 
condition.  In  most  analyses  the  potassic  urate  has  been  tound 
to  be  present  in  lai^er  quantity  than  either  the  ainmonic  or  the 
sodic  salt  It  has  also  been  found  that  the  uric  acid  contained 
in  these  deposits  is  sometimes  larger  in  quantity  than  could  be 
accounted  for  by  the  assumption  of  these  deposits  consisting  of 
acid  urates  only,  and  that  this  excess  of  uric  acid  is  held  in  com- 
bination by  the  acid  urates,  but  so  feebly  that  it  is  set  free  and 
assumes  the  crystallised  state  by  mere  washing  with  cold  water. 
It  may  consequently  be  considered  as  certain  that  the  deposits 
of  amorphous  urates  may  consist  of  acid  mates  simply,  or  cou^ 
tain  varying  proportions  of  hyperacid  salts,  namely,  the  quadn- 
urates  described  in  the  foregoing. 

i/noHtaiirr  Ej-fJininalion  of  Ikpodts  of  Uratm  in  Healthy  Urine. 
—The  precipitate  is  allowed  to  settle,  the  clear  urine  poured  off, 
and  the  sediment  thrown  on  a  filter,  and  washed  with  spirit  of 
wine.       When  well  washed  it  is  put  in  a  watch  -  glass,  and 
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allowed  to  become  dry  at  the  temperature  of  the  air*  The  pre- 
cipitate must  now  be  examined  with  the  microscope,  and  if  it 
contains  uric  acid  crystals  it  is  unserviceable  for  the  inquiry 
relating  to  hyperacid  salta  or  quadriurates.  It  almost  always 
ooiit&ins  some  oxalate  i>f  lime  crystals,  which  do  not  sensibly 
interfere  with  the  examination.  But  when  it  is  desired  to 
Kclude  them  altogether,  the  deposit  of  urates  must  be  redie 
htolveil  bv  heating  it  in  the  urine  from  which  it  was  originallj 
depofiltaa^  the  solution  filtered,  and  the  deposit  allowed  to  form 
a^in*  A  portion  of  the  deposit  isolated  as  just  de^scribed  iSj 
diffused  in  water  and  boiled.  If  it  dissolves  entirely,  acid  urat 
only  are  present.  Sometimes,  however,  it  will  be  found  to  dis-^ 
solve  only  partially,  and  to  leave  a  considerable  insoluble  residue 
consisting  entirely  of  uric  acid,  although  no  crystals  of  uric  acid 
could  be  discovered  in  the  original  deposit.  In  these  cases  the 
deposit  is  clearly  decomposed  by  t»oiliog  with  water. 

The  filtered  watery  solution  on  cooling  gives  an  amorphous 
precipitate,  which  is  much  increased  in  quantity  by  concentrat- 
ing the  solution.     The  precipitate^  is  collected  on  a  filter,  washe<i, 
and  dried.     A  portion  of  it  burned  leaves  a  strongly  alkaline 
ash.     Another  part  dissolved  in  water,  and  treated  witli  hydro 
chloric  acid,  yields  crystals  of  uric  acid     A  third  portion  treated' 
with  caustic  potash  evolves  ammonia.   The  alkaline  ash  is  mostly 
entirely  soluble  in  water,  and  contains  potash,  recognised  by  the 
yellow  precipitate  with  platinic  chloride,  and  soda,  colouring  a 
blue  gas — or  spirit-flame  strongly  yellow.    In  other  cases  a  portioaJ 
of  ash  is  insoluble  in  water,  but  dissolves  in  hydmchluric  acic" 
This  solution  made  alkaline  with  ammonia  is  treated  with  som€ 
oxalic  acid.     A  white  precipitate  shows  the  presence  of  lime  in' 
the  deposit.    The  filtrate  from  the  oxalate  in  very  rare  cases 
gives  a  scanty  precipitate  on  addition  of  sodic  phosphate,  show- 
ing the  presence  of  a  little  magnesia. 

Quantitatwe  Determination  of  (he  IfUfredients  of  AmorpJtoitsi 
DcjmmU. — A  quantity  of  deposit  amounting  to  at  least  1*5  grm, 
should  be  collected,  wa'^hed  with  alcohol,  dried,  and  weighed. 
It  is  decomposed  by  acetic  acid,  which  separates  calcic  oxalate 
and  uric  acid.  The  calcic  oxalate  is  extracted  from  the  uric 
acid  by  hydrochloric  acid;  the  uric  acid  is  further  purilied  by 
solution  in  potash  and  precipitation  by  hydrochloric  acid»  and 
then  filtered,  washed,  dried,  and  weighed.  The  clear  acetic 
acid  solution  is  then  mixed  with  hydroehloric  acid,  and  after  24 
hours'  standing,  filtered  to  separate  colouring  matter.  The 
liquid  is  then  evaporated  to  the  smallest  possible  bulk,  and 
precipitated  by  a  solution  of  platinic  chloride,  and  a  mixture  of 
absolute  alcohol  and  etlier.  After  24  hours  the  precipitate  is 
filtered  oil',  washed  with  alcohol  and  ether,  dried,  and  heated  ta' 
redness;  the  platinum  which  remains  is  treated  with  dilute 
h^  ric  acid,  ami  the  weight  ot  the  plHtinum  deternutiefL 
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The  hydrochloric  acid  solution  which  is  filtered  from  the 
platinum  is  evaporated,  and  the  potassium  is  precipitated  by 
platinic  chloride,  washed  with  alcohol  and  ether,  dried,  and 
heated  to  redness;  the  residue  is  extracted  with  hydrochloric 
acid,  washed,  and  the  platinum  determined.  This  gives  the 
amount  of  potassium,  and  by  deducting  this  from  the  amount 
of  platinum  previously  found,  a  difference  is  found  which  gives 
the  amount  of  ammonia  present. 

The  liquid  filtered  from  the  first  platinum  precipitate  is  eva- 
porated, and  the  residue  burnt  at  a  gentle  heat.  It  is  then 
boiled  with  hydrochloric  acid,  the  solution  decomposed  by  a  few 
drops  of  sulphuric  acid,  evaporated  to  dryness,  heated  to  redness, 
and  weighed.  From  the  amoimt  of  sodic  sulphate  found,  the 
sodium  is  calculated.  In  cases  where  calcium  or  magnesium  are 
present,  this  latter  filtrate  from  the  first  platinum  precipitate  con- 
tains both  the  metals.  They  have  then  to  be  removed  from  the 
hydrochloric  acid  solution  of  the  burnt  residue  by  boiling  it  with 
ammonic  carbonate  and  excess  of  ammonia.  The  filtrate,  after 
evaporation,  treatment  with  sulphuric  acid,  and  ignition,  yields 
the  sodium  in  the  form  of  sulphate.  From  the  acetic  acid 
solution  of  the  mixed  carbonates,  the  calcium  is  obtained  as 
oxalate  by  precipitation  with  ammonic  oxalate;  the  filtrate 
treated  with  sodic  phosphate  and  excess  of  ammonia  deposits 
any  magnesium  which  it  may  contain  after  some  standing.  By 
analyses  performed  upon  four  different  deposits,  the  following 
amounts  of  ingredients  were  found  by  Scherer: — 


Uric  acid, . 

Ammonia^ 

Potash,      . 

Soda, 

Lime, 

Calcic  phosphate, 

Calcic  oxalate,  . 


82-89  80-02  81 '31  82*89 
2-23 
204 
0-55 
0-66 
0-37  \ 
0  33/ 


8-29 
1-38 
2-05 
Q-34 

7-09 
2-80 
0-17 
0-26 

2-23 

2-04 
0-65 
0-55 

272 

0-67 

... 

6*20 

7-86 

11-74 

Colouring  matter  and  loss,         11*03 

By  these  analyses,  the  proportion  of  combined  uric  acid  (sup- 
posed to  be  in  the  form  of  acid  urate)  to  free  is  shown  to  be 
subject  to  great  variations,  as  will  be  seen  from  the  following 
calculation  given  by  Bence  Jones.    In  analysis 


No.l. 

2*23  require  of  uric  acid  13*61 

204        „  „  6*90 

0-55        „  „  2*94 

0*56        „  „  3*56 


Ammonia, 
Potash, 
Soda,    . 
Lime,  . 

Combined  uric  acid, 27*00 

Free  uric  add, 66.89 

Total  uric  acid  found, 82*89 

Hence  combined  is  to  firee  as  1  :  2*04. 
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No.  2. 

Ammoniiv,    . 

8*29  require 

of  uric  acid  50-fiO 

Potash, 

.         1-38        „ 

fy 

4  66 

Soda,    . 

.         2-05         „ 

» 

10  96 

Lime,  . 

.         0-34        „ 

» 

215 

Combined  uric  acid. 

68-37 

Free  uric  acid, 

• 

11-65 

Total  uric  acid  found. 

•          .          *          < 

. 

80-02 

Hence  combined  is  to  free  as  1 

:  0-17. 

No.  3. 

Ammonia,     . 

7-09  require 

ofuric  acid  43-28 

Potash, 

.        2-80        „ 

»» 

9-48 

Soda,   .        . 

•        017        „ 

»» 

0-91 

Lime,  . 

.        026        „ 

»> 

1-66 

Combined  uric  acid. 

. 

, 

55-32 

Free  uric  acid. 

. 

25-99 

Total  uric  acid  found,   ..... 
Hence  combined  is  to  free  as  1  :  0*42. 


81-31 


Ammonia, 
Potash, 
Soda^    . 
Lime,    . 


Combined  uric  acid. 
Free  uric  acid. 


No.  4. 

2*23  require  of  uric  acid  13*61 


2-04 
0-85 
0-55 


Total  uric  acid  found,   ..... 
Hence  combined  is  to  free  as  1  : 2-08. 


6*90 
2-94 
3-49 

26-94 
55-95 

82-89 


lu  three   analyses    given    by   Bence  Jones,   the    following 
quantities  of  bases,  combined  and  free  uric  acid,  were  found: — 


Ammonium, 

Potassium, 

Sodium, 


No.  1. 


Combined  uric  acid, 
Free  uric  acid,    . 


Total  uric  acid  found,  .        .        .        .        , 

Hence  combined  is  to  free  as  1  :  1*72. 


0-22  require  U  2*17 
0-51  „  „  2-16 
0-18       „       „  1-30 

6-63 
9-61 

15-24 


Ammonium, 

Potasnium, 

Sodium, 


No.  2. 


0-81  require  U  8*00 
0*91  „  „  3-84 
0*43      „       „  3- 1 2 


Combined  uric  acid, 14*96 

Free  uric  acid,  .        .        .        .        .        .        6-96 


Total  uric  acid  found, 

Hence  combined  is  to  free  as  1  *  0  46. 


21-92 


tJHIC  JlCW. 

No,  3. 

AmiiMmium,        .        .         ,         ,      0*273  reqnire  IT  S^Ol 

PotflaMum,           ....       crH56       „  ,,  3"(Jl 

Sodiom,      *        .         ,         ,         .       0*203       „  „  2*00 

Combineci  uric  acid, 7-02 

Free  uric  acid ,        .        ,  7  D4 

Total  uric  acid  fotuid^          .         ,         ,         .         .  15  "56 
Hence  combined  is  to  free  as  1  :  l'l}4. 
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Experimental  Comparison  of  variotis  modeM  of  determining  ike 
QimniUij  of  Uric  Acid  amtained  in  Urim, 

Tt  having  lately  been  asserted  tbat  the  various  modes  of  deter- 
fntiiing  uric  acid,  which  were  in  use  hitherto,  did  not  yield  more 
thim  from  one-third  to  ooe-half  of  the  uric  acid  actually  con- 
tained in  urine,  the  followiog  trials  were  made  :— 

Krp.  I,  2,  and  3  were  made  upon  the  same  material 

Ej^p.  h  350  c,c.  of  filtered  urine  were  evaporated  to  an  extract, 
and  3*5  c.c.  of  hydrochloric  acid  (of  I'lO  sp.  gr.  coatainiug  aliout 
32  per  cent-  of  anhydric  acid)  added.  After  48  hours*  standing 
the  precipitate  was  filtered  off,  washed,  dried,  and  weighed.  It 
was  equal  to  0"2520  grammes-  The  day's  urine  having  been 
1400  c,c,  this  would  have  yielded  the  unusual  quantity  of  1008 
gi'ammes  of  uric  acid  fur  24  hours.  The  precipitate  being 
dark  bmwn-red,  and  mostly  amorphous,  was  likely  to  be  very 
impure.  It  m  as  therefore  pmified  as  follows  : — It  was  dissolved 
in  potash,  which  left  no  residue ;  it  was  then  again  precipitated 
by  hydrochloric  acid  and  washed  with  alcohol,  which  extracteil 
colouring  matter,  that  is  the  resinous  mixtiu-e  of  uropittine  and 
omicholic  acid,  and  a  few  undet^miinable  microscopic  needles. 
No  liippiiric  acid  could  be  discovered  in  the  extract,  either  by 
the  microscopic  or  by  the  nitric  acid  test.  The  precipitate  of 
uric  acid  was  crystallised  in  club-shaped  hexagonal  ueedles, 
which  were  homogeneous  throughout,  although  yet  reddish.  It 
weighed  0  1582  grammes.  The  process  of  pmiiiication  had  there- 
fore removed  0  0^138  grammes  of  impurity.  The  physiological 
quantity  of  uric  acid  for  the  24  hours  was  therefore  0*6328 
grammes. 

The  impurities  removed  were  mucus,  of  which  there  ia  always 
a  quantity  in  the  evaporated  extract,  phosphate  of  lime,  which 
falls  down  in  the  extract,  and  redissolves  in  the  caustic  potash, 
remaining  in  solution  together  wuth  much  mucus  in  the  last 
hydrochloric  acid  mother-liquid,  and  colouring  matter. 

E.ip,  2.  350  c.c.  of  the  same  urine,  filtered,  were  trt?ated  with 
35  c.c,  of  nitric  acid  (of  14  sp.  gr.  containing  60  per  cent,  of 
anhydric  acid).  The  deposit  of  uric  acid  obtained  after  24  hours 
was  in  particidarly  large  and  well-defined  crystals,  and  weighed 
dry  0'0875  grammes,  or  a  little  more  than  ooe-half  of  the  purified 
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vrie  acid  obtain^  in  Exp.  1,     It  would  have  yielded  as  the  uric 
icid  of  24  bcmis  0*S400  grammes. 

Erp.  3.  35Q  cxx  of  the  same  urine,  filtered  and  mixed  with  3'5 
e^  of  hydrochloric  acid,  after  48  hoxxr^  yielded  0  0835  ginoiQies 
of  arie  acid  This  would  have  yielded  as  the  physiological 
imount  of  uric  acid  0'3340  grammes. 

E^.  4  The  above  experiments  having  taught  that  in  order  to 
extract  the  whole  amount  of  uric  acid  from  urine  it  must  be 
evaporated,  and  the  precipittite  obtained  by  acid  be  purified,  the 
tuina  of  a  healthy  man,  iut.  3G,  passed  during  24  hours,  from  July 
20,  9  P.M.,  to  July  21,  9  rm.,  total  187Q  c.c,  was  filtered,  evapo- 
rated on  water-batli  to  an  extract,  and  mixed  with  its  bulk  of 
alcohol.  The  extract  was  mixed  with  alcohol  and  one  drop  of 
hydmchlaric  acid.  The  deposit  obtained  after  24  hours  waa 
separated.  The  filtereil  alcoholic  solution  on  the  addition  of 
hydmchliiric  acid  jidded  no  uric  acid  All  the  uric  acid  was  in 
tlie  deposit,  together  with  phosphates  and  mucus.  It  was  gently 
heated  with  caustic  potash  until  all  ammonia  had  been  driven 
ofl^.  It  was  then  filtered  from  the  residue  of  phosphate  of  lime. 
Filtrate  and  washing  were  concentrated,  mixed  with  absolute 
alcohol,  and  treated  with  hydrochloric  acid  until  the  fluid  liad  a 
strongly  acid  reaction.  However,  as  the  deposit  again  contained 
phosphatea,  which  are  largely  soluble  in  caustic  potash,  and  easily 
crystallise  from  hydrochloric  acid  solution  in  the  presence  of 
alcohol,  it  waa  mixed  with  water,  treated  with  some  hydrodiloric 
acid,  filtered,,  washed,  and  dried  This  slightly  coloured  very 
pure  uric  acid  weighed  0"3885  grammes  (5*99844,  say  6  grains). 

ETp,  5.  Urine  of  24  hours,  July  21.9  p.m.  to  July  22,  9  P.M., 
1350  c.c.  filtered,  evaporated  on  water-bath  and  treated  in  all 
respects  as  the  urine  in  Exp.  4,  yielded  uric  acid  03710  grammes. 

Ejcp.  6.  Urine  of  24  liours,,  July  22  to  23,  1425  c.c.  filtered 
and  evaporated  on  water-bath.     Uric  acid  =  0*3412  grammes. 

Erp.  7,  Urine  of  24  hours,  July  23  trj  24,  llUO  ex.  filtered, 
evapomted  to  extract  and  11  c.c.  of  hydrochloric  acid  and  80  c.c. 
of  alcohol  of  92  per  cent,  added*  The  precipitate  contained  a 
large  amount  of  phosphatic  earths.  These  were  extracted  b}' 
dilute  hydiochloric  acid.  The  residue  dissolved  in  caustic  potash 
and  precipitated  by  hydrochloric  acid  weighed  0-4295  grammes. 

Exp.  8.  Urine  of  July  24  to  25,  24  hours,  1550  ex.  filtered, 
evaporated,  15*5  c.c.  of  HCl  and  100  c.c,  of  alcohol  added,  and 
deposit  treated  as  in  Exp.  7,  yielded  0*2820  grammes  of  uric  acid. 

AV/j:  0.  Urine  of  July  25  to  26,  24  hours,  950  c.c  9'S  c.c. 
IlCl  added  and  90  c.c.  of  alcohol,  pelded  U  =0  4262  grammes. 

Exp.  10.  Urine  of  July  26  to  27.  24  hours,  1735.  Evaporated 
and  treated  as  in  Exp.  7,  yielded  U  056 85  grammes. 

E^,  IL  300  c.c.  of  urine,  July  28,  total  1650  c-c,  were  fil- 
'tered,  evaporated  to  extract,  had  3  c.a  of  HCl  added,  aud  were 

>wed  to  stand  24  hours.    The  precipitate  was  very  red  and 
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weighed  0*2250  grammes.  It  contained  the  impurities  described 
in  Exp.  1. 

Exp.  12.  300  c.c.  of  the  same  urine  as  that  used  in  Exp.  11 
were  evaporated  to  extract,  mixed  with  30  c.c.  of  alcohol,  the 
white  deposit  was  extracted  with  potash,  and  the  potash  solution 
precipitated  by  HCl.  It  yielded  uric  acid,  nearly  colourless, 
01100  grammes.  More  than  one-half  of  the  deposit  obtained  in 
Exp.  11  had  evidently  been  impurity. 

In  order  to  avoid  the  sources  of  error  arising  from  operations 
with  small  quantities,  the  following  series  of  twenty  experiments 
was  made,  to  determine  the  amount  of  uric  acid  excreted  by  a 
healthy  man,  the  same  as  in  the  above  twelve  experiments. 
The  urine  was  collected  on  twenty  successive  days  with  the 
greatest  regard  to  accuracy.  The  number  of  c.c.  is  stated  in  the 
first  column.  The  uric  acid  was  determined  in  either  portions 
or  the  total  quantity  of  each  day  by  evaporation  to  an  extract, 
the  addition  of  1  per  cent,  of  HCl  and  filtration  after  longstand- 
ing. The  deposits  contained  phosphates  and  mucus  and  colour- 
ing matters.  To  purify  them  they  were  washed  with  much  water 
heated  with  caustic  potash,  filtered  from  the  mucus,  and  after 
the  addition  of  alcohol  reprecipitated  by  HCL  The  precipitate 
was  treated  with  some  HCl  to  extract  a  small  quantity  of  earths, 
and  then  with  some  alcohoL  The  dried  residue,  fawn-coloured 
crystallised  uric  acid,  was  weighed.  It  will  be  seen  that  the 
result  confirms  the  average  of  Exp.  4  to  10 : — 


No.  of 
Experiments. 

Total  Urine 

Amoont 

Uric  Add 

excreted 
in  24  hours. 

evaporated  for 
analysis. 

calculated  for 
24  hours. 

13 

1,370  ac. 

500  ac 

0*2504  grin. 

14 

1,580  „ 

500  „ 

0-2888    „ 

15 

1,720  „ 

500  „ 

0-3144    „ 

16 

1,600   „ 

500   „ 

0-2924    „ 

17 

1,625   „ 

1,525   „ 

0  2787    „ 

18 

1,500   „ 

1,345   „ 

0-2742     „ 

19 

1,470  „ 

1,470   „ 

0-2687    „ 

20 

2,300   „ 

2,150   „ 

0-4204    „ 

21 

1,420   „ 

1,420   „ 

0-2595     „ 

22 

1,670  „ 

1,670   „ 

0-3052    „ 

23 

2,200   „ 

2,200   „ 

0-4021     „ 

24 

1,600  „ 

1,600   „ 

0-2924    „ 

25 

2,200  „ 

2,200  „ 

0-4021     „ 

26 

1,050   „ 

800  „ 

0-1919    „ 

27 

1,450  „ 

1,450  „ 

0-2650     „ 

28 

1,260  „ 

1,260  „ 

0-2303    „ 

29 

1,860  „ 

1,860   „ 

0-3400    „ 

30 

1,850  „ 

1,850  „ 

0-3381     „ 

31 

1,600  „ 

1,600  „ 

0-2924    „ 

32 

1,780  „ 

1,780  „ 

0-3253     „ 

Total  20  days. 

33,005  0.C 

28,180  ca 
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The  28,180  c.c.  of  urine  analysed  yielded  5*1525  grin,  of  uric 
acid,  corresponding  to  0-0324  grm,  in  33,005  c.c. 

One  c  c,  of  urine,  therefore,  contained  on  an  average  0'0001828 
griiL  of  uric  acid. 

The  average  quantity  of  urine  excreted  during  each  of  the 
twenty  days  was  1650  c.c. 

Consequently,  the  average  of  one  day's  uric  acid  is  0.3016 
grm,  or  4-6567  grains. 

If  this  result  is  compared  with  the  results  of  the  analyses  per- 
formed on  the  urine  of  single  hut  entire  days,  it  is  found  that  the 
hitter  yielded  iigurcs  the  average  of  which  is  25  jjcr  cent  higher 
than  the  average  of  the  twenty  days  analysed  together,  thus : — 


Nunili^r  of 
ExiH^rimentii. 

TotAl 
of  Urine. 

ITric  Acid 

obtained. 

4 
5 
6 
7 
8 
9 
10 

1,870  CO. 
1,350   „ 
1.4-25    „ 
1,100    „ 
1,550   „ 
1'30    „ 
1,735   , 

0-3885  gmi. 
0-3710    „ 
0-3412     „ 
04-2f»5     „ 
0-2820     „ 
0-4262     „ 
0-5685     ,. 

TotAl,? 

9,9m  cc. 

2,8069  grm 

figui*es 


Mtmn  of  urine  per  day,  1422  c.c. 
Mean  of  uric  acid  per  day,  0*4  grm. 

When  fractions  of  days'  excretions  are  analysed,  the 
obtained  for  uric  acid  are  still  higher. 

The  smaller  the  quantities  of  reputed  uric  acid  manipulated 
upon  are,  the  greater  is  the  amount  of  impurity  that  remains  ad- 
hering to  them. 

The  above  analyaea  clearly  prove  that  by  the  most  reliable 
proceedings  no  more  than  0'35  gnu.  of  uric  acid  could  he  ohtainud 
from  the  urine  of  a  healthy  man  during  each  average  day  of  a 
period  of  27  days  (of  which  20  were  separat-ed  from  seven  by  an 
interval  of  time). 

Results: — 

1.  Concerning  the  methods  of  analj^is,  it  is  proved  that  non*' 
of  those  hitherto  in  use  give  either  the  actual  amount  of  uric 
mid  contained  in  urine,  or  a  pure  product  which  may  he  taken 
into  account  as  uric  acid.     In  particular : — 

€U  The  methods  emplo^in^  the  addition  of  an  acid  only  to  a 
measured  quantity  of  urine  do  not  obtain  the  whole  of  the  acid 
contained,  yet  with  the  uric  acid  they  precipitate  a  certain 
amount  of  decomposed  nrochrome. 

b.  The  methods  which  employ  concentration  of  the  urine  to 
an  extract^  and  the  addition  of  an  acid,  obtain  the  whole  amount 
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of  uric  acid  with  a  coosiderable  admixture  of  decomposed  urn- 
chrome  (of  which  nromelanine  is  insoluble  in  alcohol),  \vith 
phosphates  and  urates,  particularly  urate  of  soda  and  ammonia, 
and  mucus* 

c.  The  methods  which  employ  iiispissatiou  and  extraction  of 
the  deposit  with  alcohol,  then  treatment  with  acids  for  the  ex- 
traction of  phosphates,  obtain  relatively  the  most  correct  results, 
as  the  product  is  least  coloured,  and  contains  the  smallest 
amoimt  of  impurity,  while  no  uric  acid  is  lost ;  yet  there  re- 
mains so  much  of  mucusi,  ammoniii,  aud  phosphate  with  the  uric 
acid  that  the  result  is  univliable. 

d.  The  methoil  which  on  all  grounds  and  in  practice  gives  the 
most  satisfactory  results  is  the  following :— The  urine  having 
been  evaporated  to  an  extract  (not  less  than  one  da/s  urine 
should  be  analysed  at  a  time),  is  treated  with  four  or  five  times 
its  volume  of  strong  alcrjbol  (90  per  cent.)  well  shaken,  and 
allowed  to  stand  24  hours.  The  fluid  is  filtered  off,  and  the 
deposit  washed  with  alcohol  until  colourless.  This  deposit  is 
now  treated  with  water  and  hydrochloric  acid  for  the  extraction 
of  phosphates.  The  residue  of  uric  acid  is  washed  and  dissolved 
in  some  caustic  potash,  warmed  until  all  ammonia  is  gone,  and 
reprecipitated  by  the  cautious  addition  of  hydrochloric  acid  until 
the  tluid,  which  should  be.  still  warm,  has  an  acid  reaction.  The 
vessel  is  then  allowed  to  stand  in  a  cool  place  for  24  hours, 
when  the  uric  acid  may  be  isolated  and  weighed  in  the  usual 
manner. 

2,  Concerning  the  physiological  quantity  of  uric  acid  excreted 
by  a  healthy  man,  it  is  shown  to  be  about  0"35  grammes  in  24 
hours  on  an  average.  This  result,  and  the  consideration  of  the 
various  modes  of  analysis  and  sources  of  error  in  them,  leads  to 
the  belief  that  the  old  method  of  analysis  by  hydrochloric  acid 
alone  was,  perhaps,  less  misleading  than  the  mode  employing 
evaporation  and  bydrocldoric  acid. 

Avionnt  of  Uric  Acid  discharrfed  during  24  fmurs. — Various 
researches  instituted  upon  healthy  adult  males  have  showm  that 
they  may  excrete  quantities  of  uric  acid  varying  from  an  average 
of  0*3  grm.  per  24  hours  in  one  individual  to  10  grm.  in  another. 
But  in  feeble  persons  the  quantities  may  be  much  lower,  and 
sink  to  a  minimum  of  002  grm.  in  24  hours.  In  the  urine  of 
some  feeble  and  badly- fed  persons  no  uric  acid  at  all  can  some- 
times be  found.  It  is,  therefore,  not  improbable  that  the  amount 
of  uric  acid  excreted  by  given  individuals  may  stand  in  a  certain 
proportion  to  the  nature  and  quantity  of  the  food  taken,  and 
to  the  organic  changes  of  the  body.  For  tliis  reiison  quantitative 
determinations  of  the  amounts  excreted  by  different  individuals 
of  all  ages  and  both  sexes  have  a  certain  value,  provided  that  the 
circumstances  of  the  individual,  the  ingesta,  and  the  organic 
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changes  are  taken  ioto  consideratioii.  The  normal  constanta  of 
uric  acid  are,  however,  not  yet  ascertained  with  the  desirable 
precision,  and  particularly  upon  females  and  children  a  lai;ge 
number  of  observations  will  yet  be  required  before  they  can  be 
employed  as  the  bases  for  pathologiciil  conclusioaa 

The  fluctuations  of  uric  acid  in  health  are  more  considerable 
than  those  uf  other  well-known  constituents  of  the  urine ;  they 
occur  in  the  same  individual  within  sliort  periods  of  time.  It 
is,  therefore,  at  present  almost  impossible  to  say  in  any  given 
case  whetlier  the  quantity  of  uric  acid  excreted  by  an  individual 
in  a  given  time  is  below  or  above  the  average,  and  can  in  either 
extremity  be  an  ettect  of  pathological  conditions. 

If  the  mean  quantity  of  urea  discharged  by  healthy  men  in 
24  hours  is  33  grm.,  and  that  of  uric  acid  U"54  grm.,  the  propor- 
tion of  urea  to  that  of  uric  acid  is  about  I.OUD  to  IG. 

Faiholofficul  Cfutnges  in  the  Quantity  of  Uric  Acid  Dw^ryed 
durijig  Tweniy-FmiT  Hours, 

We  here  consider  what  proxiioate  contlitions  of  the  system  a 
rise  or  fall  in  the  quantity  of  uric  acid  beyond  the  nornuJ  limits 
is  bkely  to  indicate.  A  dehciency  may  be  due  to  a  diminished 
production  in  the  system,  as  in  aucemia,  or  to  retention,  as  in 
certain  stages  of  gout  and  rheumatism.  It  is  at  least  question- 
able whether  the  retention  is  always  due  to  diseased  action  of 
the  kidney.  Any  dis^tse,  however,  which  interferes  \iilh  th  • 
secreting  power  of  the  kidney  by  clianging  its  structure,  such  as 
Bright's  disease,  is  certain  to  cause  retention  of  uric  acid  in  the 
blood,  in  proportion  to  the  retention  of  the  other  constituents  of 
urine.  Scarlatina  seems  to  make  an  exceptioa  I  have  certainly 
found  that  in  some  cases  of  this  disease,  where  uric  acid  is  fre- 
quently present  in  excess  from  the  beginning,  so  as  to  be  preci- 
pitated in  a  cloutl  by  the  addition  of  an  acid,  the  amount  of  uric 
acid  does  not  decrease  parallel  to  the  fall  of  urea,  when,  with 
albuminous  urine,  dropsy  appeai-s;  but  it  seems  to  bo  normal 
in  amountj  even  at  a  time  when  the  amount  of  ure^i  is  about 
half  the  normal  average.  Many  oliservations  will,  however,  be 
necessary  to  decide  whether  such  a  process  is  the  nde  or  the 
exception. 

An  excess  of  uric  acid  may  be  due  to  excessive  production  in 
the  body,  particularly  when  the  increased  excretion  lasts  for  a 
certain  time.  It  may,  however,  be  owing  to  the  discharge  of 
accmnuktcd  uric  acid,  after  retention  in  the  blood.  In  both  cases 
the  sj^Tiiptoms  accompanying  or  preceding  the  excessive  excre- 
tion must  be  our  guides  in  distinguishing  between  these  con- 
ditions. 

As  a  general  rule,  t.d,  one  liable  to  exceptions,  it  may  be 
assumed  that  ao  excessive  production  of  uric  acid  accompanies 
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an  excess  in  the  production  of  urea.  lo  inflammatorj  diseases 
aad  certaiQ  other  febrile  diseases,  an  increased  amount  of  uric 
acid  is  met  with. 

The  fullowiug  observations  of  Becqiierel  are  entitled  to  atten- 
tion, as  referring  to  the  total  quantities  of  uric  acid  diachaiged  in 
24  hours: — 


Hettltliy  urine  (B'b  avei«ge), 


mia.  rs 


PuJrnontiry  emphya^mft,  ext  <lya|niceay 
Phthisis,  tubercles  softened i 

„        thre€  dttys  before  deHtb, 
Morbus  cordis,  with  ict^riLs, 
Acute  hepatitis,  with  icterus,     . 
Icterus,     ,.,*.. 
Milk  fever,        .        .        .        »         . 


found  in  these 


«        8'i  gnuns. 

max.  6'0  „ 

49  „ 

9  1  „ 

i)-8  „ 

0-82  „ 

1M8  „ 

17-75  „ 

190  „ 


(excepting  only  the 


So  the  quantities 
two  last  ODf^s)  are  neither  higher  nor  lower  than  the  average 
quantities  obtained  iu  perfect  healtli.  In  the  cme  of  icterus  and 
milk  fever,  however,  the  amount  of  uric  acid  ia  evidently  in- 
creased. 

A  m  orph  mis  DtposUs  of  Urates  in  Diseases —  Urate  of  A  mmonia. — -. 
The  urate  of  ammonium  in  some  rare  instances  occurs  by  itself, 
mLxed  only  witli  very  small  traces  of  the  urates  of  fixed  bases. 
It  is  probable  that  in  those  cases  the  urine  always  contains  an 
excess  of  ammonia  in  the  fonu  of  carbonate,  which  is  due  per- 
haps to  a  pallia!  decomposition  of  urea.  As  all  urates  in  the 
presence  of  ammoniimi  salts  transform  into  urate  of  ammonium, 
no  otlier  urate  besides  that  of  ammonium  can  exist  for  any 
length  of  time  in  ammoniacal  urine.  It  is  for  this  reason  also 
that  the  urates  of  the  alkalies  or  earths,  or  uric  acid  deposited 
from  acid  urine,  are  soon  tmnsformed  iuto  ammonic  urate  when 
the  decomposition  of  the  urea  has  produced  a  sufficient  amount 
of  volatile  alkali 

As  a  general  rule,  urate  of  ammonium,  when  occurring  as 
a  deposit,  forms  a  granular,  perfectly  amorjiihous  precipitata 
But  in  some  descriptions  of  alkaline  urine,  or  urine  which  has 
become  ammoniaciil  without  the  body,  it  forms  roundish,  oval, 
or  dumb-bell  like  masses,  like  the  forms  which  crystallise  from 
the  solution  of  pure  urate  in  caustic  ammonia 

When  appearing  as  a  precipitate  in  ammoniacal  urine,  it  forms 
very  slender  dumb-bells.  The  ammonic  urate  deposit  occurring 
before  emission  is  of  particular  importance,  as  it  gives  rise  to  a 
peculiar  concretion,  the  ammonic  urate  calculul 

Deposits  ofMix^d  Urates  Oecurrimi  after  EmUnon, — To  tlie  naked 
eye  these  deposits  appear  as  a  subtle  powder,  varying  in  colour 
from  absolute  whiteness, 
purple  and  brownish-red. 


through  rose-colour,  y>iuk,  brick-red. 
These  colours  are  best  observed  after 
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the  deposit  ia  collected  on  a  filt<?r.  The  colours  of  urates  gene- 
rally are  (Jaused  by  the  adhesion  to  their  particles  of  varying 
quantities  of  an  abuornial  coluiiring  matter^ — ^urerythrine.  For 
this  they  have  so  great  an  attraction  that  they  may  be  used  for 
separating  urer>*thrine  from  deeply-coloured  urine ;  repeated 
quantities  of  unites  are  dissolved  in  the  lU'ioe  with  the  aid  of  a 
gentle  heat;  on  cooling  they  are  reprecipitated,  canyHng  the 
urer}'thrine  with  them. 

The  brick-red  or  pale  fawn  -  coloured  so-called  lateritioua 
deposit  occurring  so  commonly  in  the  urine  in  ftil*rile  iliseases  is 
almost  always  a  mixture  of  the  urates  of  amuioiduui,  sodium, 
potassium,  calcium,  and  magnesiouL  When  burnt  on  platinum- 
foil,  it  leaves  a  white  a,sh  containing  the  bases.  Tlie  chemical 
characters  of  these  substances  are  better  marked  than  the  micro- 
scopic, and  should  be  investigated  in  detail  for  clinical  purposes. 
These  deposit^s  are  rai^ely  observed  in  m-ine  liefore  it  has  cooled, 
and  readily  disappear  when  the  urine  containing  them  is  raised 
t€  the  temperature  at  which  it  left  the  body.  They  are  soluble 
in  ammonia  and  potash,  and  from  these  solutions  uric  acid  is 
precipitated  by  acetic  acid.  When  such  a  sediment  after  isola- 
tion is  brought  into  contact  with  acetic  or  hydrochloric  acid  it  is 
slowly  transformed  into  uric  acid  crystals,  the  bases  entering 
into  combination  with  the  acid,  and  forming  soluable  salta 
The  dry  deposits  give  with  nitric  acid  the  characteristic  reaction 
of  murexide.  The  mode  of  analysing  these  deposits  is  the  same 
as  that  prescribed  for  the  deposits  from  normal  urine.  The  ex- 
traction of  the  urerythriue  will  V)e  found  descril>ed  under  the_ 
chapter  refen'ingto  that  substance, 

huiicaiiam  of  Deposits  of  Urates  OceiirriTUf  after  Emissimk 

The  deposits  of  mixed  urates  are  so  very  common  in  the  most 
varied  conditions  of  health  and  disease,  that  it  would  lie  veiy 
diiheult  to  name  those  con<1itions.  The  attempt  to  define  the 
characters  of  urine  depositing  urates  must  be  futde,  because 
there  is  almost  no  description  of  wv'nm  that  may  not  deposit 
them.  Whether  acid  or  allcaliue,  of  high  or  low  specitic  gravity, 
containing  much  or  little  urea  and  colouring  matter,  urine  will, 
under  certain  circumsUmces,  deposit  urates.  Whether  occurring 
in  the  l^jdy  or  out  of  the  body  after  emission,  the  conditions  of 
the  deposit  are  identical ;  there  is  not  a  sufficient  quantity  of 
water  present  to  hold  all  the  urates  in  solution  at  a  certain  tem- 
perature. The  mine,  therefore,  after  being  saturated  with  the 
urates,  deposits  the  excess ;  by  the  addition  of  water,  or  urine 
not  saturated  with  umtes,  this  excess  may.  under  most  circum- 
stances, be  dissolved.  By  concentration  of  urine,  a  deposit  of 
urates  may  be  produced. 

As  the  only  indication  of  a  deposit  of  urates  is,  therefore,  that 
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the  urine  contaiiiiog  it  is,  at  that  temperature,  saturated  with 
them  ;  and  as  this  may  occur  after  stroug  pliysical  exercise,  after 
abstinence  from  liquids,  or  in  a  fever»  this  indication  in  itself 
does  not  point  to  any  specific  pathological  condition.  The  amount 
of  the  urates  may  be  the  ordinary  one,  thougli  thei*e  be  a  deposit. 
The  indication  of  a  deposit  of  urates  becomes^  of  importance  only 
when  considered  with  relation  to  the  total  quanlity  of  urine  and 
dissolved  urates  discliarged  in  24  hours;  with  this  view  we  have 
to  didtinguish  two  ditl'erent  cases. 

a.  If  the  bulk  of  the  urine  for  24  hours  is  the  normal  average, 
and  if  a  sediment  of  urates  continues  to  exist  in  that  urine,  it  is 
tolerably  certain  that  an  absolute  excess  of  urates  is  present. 

h.  If,  on  the  other  hand,  the  urine  for  24  hours  is  below  the 
average,  a  deposit  may  possibly  be,  and  in  most  cases  is,  due  to 
satm-ation  only.  The  easiest  process  of  ascertaining  this,  for 
oixiiuary  practical  purposes  at  least,  is  to  dilute  the  urine  with 
water  to  its  average  bulk,  and  to  shake  it  well  If  the  deposit 
does  not  entirely  dissolve,  an  excess  of  urates  is  present.  If 
crystals  of  uric  acid  are  libemtcd  after  a  shoit  time,  quadriurates 
may  be  assumed  to  be  present.  The  safest  proceeding,  how- 
eveTj  is  to  ascertain  the  whole  amount  of  uric  acid  secreted  in  24 
hours. 

If  the  presence  of  a  deposit  of  urates  be  taken  as  an  indication 
of  the  saturation  of  urine  by  these  salts,  and  if  the  latter  be 
assumed  ordinarily  to  be  of  the  usual  amount,  deposits  of  that 
kind  become  more  valuable  as  signs  of  a  diminished  secretion  of 
water  by  the  kidneys  than  of  any  other  symptom.  As  the  ap- 
pearance of  a  deposit  of  urates  is  always  accompanied  by  morbid 
sensations  and  olijective  symptoms,  in  the  healthy  by  thirst  at 
least,  if  by  notliing  more  the  conchision  is  simple  enough.  7%e 
iruiitndual  v:hos<'  vrine  km  dejumiid  the  urates  does  not  drink  water 
enough^  ami  mvM  drink  nwre,  and  mvst  drmk  so  much  that  the 
iDnnc,  at  the  ordinnry  temjyvrature  of  the  air,  shall  remain  clear. 
Of  course,  in  some  cases  this  will  be  neither  possible  nor  advis- 
able ;  but  in  most  cases  of  acute  and  febrile  diseaises  it  should  be 
a  plan  of  treatment  I  have  certainly  seen  it  attended  by  bene- 
ficial results  in  many  cases  ;  I  have  also  observed  want  of  water 
in  the  system  to  be  a  source  of  illness. 

Dejxmts  of  Urates  Occurring  in  the  Urinary  Passages, 

On  an  average  20  calculi  out  of  230,  or  869  per  cent,  present 
nuclei  of  urates,  and  37  more  out  of  230,  or  10  08  per  cent.,  con- 
tain a  certain  amount  of  urates  in  the  form  of  layers  or  crusts. 
The  urates,  therefore,  somehow  or  other,  enter  into  the  composi- 
tion of  24  78  per  cent,,  or  almost  one  quarter  of  all  calculi. 

Practically  it  iB  important  to  distinguish  two  modes  in  which 
deposits  of  urates  may  be  produced  in  the  urinniy  passages. 
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«L  A  mme  Mvly  ot  j^uit  s^nraled  wi&  the  unites  m  \ 
hf  Am  kidoefi,  ana  collected  in  the  bladder.  By  the  < 
•ctiflty  of  die  mu  ud  lymphatic  veasels  of  the 
illlifcgl  jiOKSiBlnffaB  of  the  urine  is  brought  about,  in 
mmmm  0t  wWdi  •  e^ttam  amcnuit  of  the  urates  paoMS  out  of 
,  aad  tonm  a  precipitate.  These  caaea  may  he  of  imre 
•  ia  geoeratly  Itelieved ;  or  they  may  be  overiookedp 
aad  the  depoaift  mnr  be  taken  for  an  ordijiary  deposit  by  cooluig. 
It  »  Just  possible  that  the  following  case  might  have  scaped  my 
iibaamliOD,  bat  for  the  retention  of  urine  accompanying  the  d^ 
mait  to  Itie  bla^ldar,  making  necessary  the  use  of  the  catbelef: 
The  tnrfnd  urine,  which  escaped  by  the  instrument,  aAmled 
ocular  proof  that  the  deposit  had  been  formed  in  the  bladder* 


rA'noa.^— It  Q>-^f  at  2;  a  dalicals  girlf  bad  been  for  i 
and  biea  lawMid  with  tbttad-woiniiy  which  being  itmofcd  Ibr  a 
tiaii  bf  IIm  aid  of  MaleahM  ia  oiU  tvappeazed  again  after  a  time.  On  the 
7th  of  S^pimlMr  1$A6  I  wmn  rrr^uri^ted  to  see  the  child.  For  tbe  lart  fort- 
nifht  \mr  pnfinla  kad  percrircd  hrr  to  be  unn^alljr  quick  of  pereeptiatL 
0taia  daya  fin<»i  alia  baonn  to  complBizi,  and  on  Lbe  5th  felt  ao  ill  IM  aha 
waatcd  to  tia  down^  On  the  fith  a  raab,  characteriaLug  tjpboid  fever,  Okade 
ita  Appeanuioe. 

7tV— Ttie  cbild  ta  giddjr  and  wanta  to  lie  down*  She  ia  ligfai*head«dy 
almoat  fiuntliifr  when  nui«d,and  CMtnuUinH  of  ievere  headache,  fireqaeatly 
takhlg  hir  head  bstwien  faer  haadM,  mui  nttf^rin)^  eiclamatioDB  eiprHriTs  of 
tile  pain.  8be  itleepe  very  little,  being  awake  the  greater  part  of  the  night. 
She  baa  00  appetite,  but  i«  yhtj  thirsty;  her  Hp»  are  dry  and  peeling;  ber 
toogua  ia  csoyered  with  a  thick  fur  in  the  middle,  red  at  the  sides  and  point, 
bni  OMHat  all  over*  Since  the  last  motion,  two  dayt  ago,  which  contained 
mmj  wornm^  the  boweb  have  l>een  wnttncd.  The  abdomen  ia  aoft,  not  tym-  ' 
wnitic.  The  piiliie  ia  very  qnick  and  hard.  The  skin  ia  hoi,  generally  pile, 
nai  Govervd  with  an  eruption  of  the  exact  form  of  fle^-bites,  namely,  a  purple 
wpoty  of  the  itii/jp  of  the  circumfei^nce  of  a  piii^a  bead,  surrounded  with  a  hala 
01  a  fainter  purple  colour.  The  spota  do  not  disappear  on  preiaure.  I  gave 
ber  a  ncruple  of  the  Njrup  of  iodide  of  iron  three  timea  a  day.  Of  a  miitnre 
of  two  ounces  of  olive  oil,  half  an  ounce  of  castor  oil,  and  six  grains  of  san* 
Conine,  she  took  two  teaipoonfulu  at  onee,  and  one  teanpoonftil  every  hour.  U 
reqnifttd  hulf  the  oil  to  produce  a  dark,  moulded  motion, 

^tb. — Continuei  much  the  ^me.  Tlie  spot^i  have  in  i»ome  degree  lost  their 
halo«  In  the  evening,  the  girl  being  ^k'upJess  uud  wtuidering,  she  began  to 
aqulnt 

9th. — The  exanthema  remains  on  the  fekin,  and  the  spots  have  got  larger. 
The  child  is  very  feverish.  The  urine  pasaed  yesterday  ia  acid,  redd^- 
vellow,  GontAina  much  mucus,  some  epithelial  casts  from  the  tnbuli  of  the 
kidnep,  and  depoeit^  a  granular  sediment  of  urates.  A  drop  of  the  urine 
placed  between  two  slips  of  gUaa  soon  crystallises  into  a  mass  of  crystals. 
After  deposition  of  the  small  amount  of  surplus  urates,  the  specific  gmvity  of 
the  nrine  w  I02fi,  very  high  far  a  child  of  that  n^, 

10th. — The  apota  get  smaller,  and  lose  their  hMlo.  They  now  do  disappear 
bjr  {ffeasore,  ana  return  after  it.  The  tongue  is  getting  cleaner  from  the  aides* 
Sue  only  passed  a  small  qua-ntity  of  urme  once  in  the  course  of  that  day,  with 
a  motion  of  the  bowels.     She  squints  when  excited, 

^  ''h. — The  spots  continue  to  get  paler.    The  tongue  is  cleaning.    The  con- 
f  the  abdomen,  oontnistai  with  its  soft  state  live  days  ago,  shows  dis- 
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teDsion.  Ocukr  inspection  and  perctisaion  show  the  collection  of  mine  in  tlie 
bladder,  from  which  nothing  bad  passed  aitice  yesterday,  A  warm  poultico 
put  over  the  abdomen  and  vulva,  tmd  a  wtirm  bath,  uot  bein^  of  any  avail  in 
relaxing  the  sphincter  of  the  bladder,  the  catheter  was  applied,  and  abont 
eight  ounces  of  urine,  mixed  with  a  white  deposit,  in  flakes,  escaped  by  the 
instnimeiit* 

It  was  the  urine  of  two  days,  mixed  with  a  copious  deposit,  which,  on 
standing,  settled  to  the  bottom  of  the  vessel  The  urine  now  appeared  of  a 
reddiah-yellow  colour  and  of  acid  reaction.  In  a  specimen^  mixed  with  half 
its  bulk  of  nitric  acid,  nitrate  of  urea  crystallised  oti  standing.  The  colour 
then  became  deep  red.  HydrocbJoric  acid,  when  added  in  sufficient  quantity, 
at  first  coloured  the  urine  dark  bbie,  nearly  black  ;  but  this  colour  after  two 
or  three  hours  tranaformed  into  dark  cherry-red.  A  deposit  of  indigo  did 
not  therefore  take  place,  though  the  reaction  was  indicative  of  ita  formation, 
Tl)e  urine  beciune  black  on  the  admixture  of  sulphuric  acid.  The  specific 
gravity  of  the  urine  was  1025, 

The  dep^isit  was  white,  and  consisted  of  urates  in  dumb-bellfl,  globules, 
and  irregular  agglomerations,  mostly  covered  with  spinous  masses  of  the  most 
varied,  fanciful^  and  irregular  description.  Some  of  the  globular  masses  were 
lo  large  that  iJiey  could  be  dislinguiBfaed  with  the  naked  eye ;  and  under 
the  microscope,  bristled  with  spinous  masses.  That  the  spineH  were  urates 
was  evidenced  by  their  solubility  in  water  ;  a  deposit  when  washed  on  the  filter 
with  water,  dissolved  entirely,  leaving  no  residue.  By  the  influence  of  an 
acid,  the  urate  was  traoBfonned  into  ovoid  crystals  of  uric  acid. 

12th, — ^The  catheteriBm  of  yesterday  was  followed  by  great  relief,  and  the 
child  paased  a  little  urine  {Spontaneously  soon  after.  But  the  retention  con- 
tinued ;  and  on  this  day  the  catheter  diachaiged  four  ounces  of  the  same 
deseription  of  urine,  with  the  same  amount  and  quality  of  sediment  m  on  the 
day  before. 

On  three  following  dap  the  urine  had  to  be  drawn  with  the  catheter,  show- 
ing  each  time  the  same  chanicters  and  the  same  sediment. 

On  the  Ifith,  the  child  passed  urine  spontaneously,  still  mixed  with  a 
deposit ;  but  it  consisted  of  granules  and  dumb*bells  only,  with  short  indica- 
tions of  spinous  masses  only.  This  la^ited  for  two  or  ihree  days,  after  which 
the  urine  became  dear,  and  after  standing  twenty-four  bourn  deposited  ovoid 
crystals  of  uric  acid.  From  this  time  the  child  recovered  her  strength  rapidly; 
and,  with  the  assistance  of  some  quinine  and  iron,  was  soon  much  stronger 
and  better  looking  than  at  any  time  before  her  illness. 

From  the  10th  to  the  20th  the  child  had  taken  oo  medicine 
whatever,  owing  to  the  absence  of  any  indicalion.  This  is 
perhaps  in  favour  of  the  observation 

The  practical  considerations  on  this  case  are  many  in  number ; 
but  most  important  are  the  questions  on  the  causes  of  the  deposit 
and  of  the  retention.  The  dejxisit  was  perhaps  due  to  concen- 
tration of  the  urine  in  the  bladder  after  secretion  from  the 
kidneys.  Urine  nearly  or  perfectly  saturated  with  the  urates 
arrived  in  the  bladder ;  there  it  was  deprived  of  a  certain  amount 
of  water,  and  a  deposit  of  tlje  nature  described  fell  down.  It  is 
probable  that  the  spinous  hedgehog-like  masses  so  irritated  the 
mucous  membrane  of  the  urethra  at  the  infun Jibulum  as  to  cause 
spasmodic  contraction  of  the  sphincter,  I  have  seen  strangury 
caused  by  the  passage  of  almost  microscopical  crystals  of  uric 
acid,  and  yet  they  were  ovoid  round  bodies.     A  similar  obser- 
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vation  has  been  made  by  Prout  (*'  Stomach  and  Urin.  Die."  3d 
edit.  p.  202).     This  conlirms  my  opinion  on  the  cause  of  the 
I'etentioo.     I  will  not,  however,  deny  the  influence  which  the 
nervous  system  may  have  Lad  in  the  spasmodic  action,  seeiogfl 
that  there  was  spasm  in  other  parts  as  well,  namely,  in  thej 
muscles  of  the  eya     The  spinous  deposit  appeared  and  did«| 
appeared  simultaneously  with  the  retention  ;  and  a  deposit  of  a 
much  less  irritiiting  shape  was  discharged  before  the  retc^ntion 
set  in  and  after  it  ceased. 

The  following  passage  from  Prout  Qoc.  cit  p.  203),  referring  to 
actual  observations  similar  to  the  one  just  now  related,  8uggests| 
the  probability  that  in  some  cases  the  lurate  of  sodium  deposit 
may  close  the  urethra  by  forming  a  simple  plug,  and  without 
any  spasmodic  action  being  perceptible. 

"  About  this  period  of  life  (viz.,  the  age  of  40),  or  later,  we 
occasionally  see  in  certain  modifications  of  gouty  constitutioaj 
large  quantities  of  the  litliate  of  soda,  perfectly  white,  depositedl 
in  the  urina     This  compound  sometimes  assumes  the  fonn  of 
amorphous  sediment,  and  renders  the  mine  quite  milky  when 
passed ;  but  I  have  seen  it  copiously  secreted  of  the  consistence 
of  mortar,  especially  during  the  night ;  and  in  this  case  it  is  apt  ^ 
to  collect  into  masnes  and  block  up  the  urethra,  so  as  to  occasion  I 
considerable  difficulty  in  passing  the  mine*     Such  instances  are] 
very  rare,  and  appear  to  be  associated  with  organic  disease  of  1 
the  kidneys,  and  perhaps  other  oi-gans."     Of  this  association, 
however,  Prout  has  not  given  any  proof  in  obsei'vation. 

h.  The  second  mode  in  which  deposits  of  urates  may  be  pro- 
duced in  the  urinary  passages  is  by  the  urine  in  the  bladder 
undergoing  alkaline  fermentation. 

Deposits  of  Uric  Acid  Octurri?ig  after  Emisdmi, — It  has  hitherto  j 
been  believed  that  these  deposits  are  caused  by  a  pecuhar  change  ^ 
of  the  excreted  mine,  termed  the  acid  fermentation.     But  there  J 
are  so  many  cases  of  deposits  of  lithic  acid  occurring  soon  after 
emission,  in  which  fennentation  cannot  be  shown  to  have  any 
share,  that  there  must  he  other  causes  at  work  in  the  production 
of  these  peculiar  matters.     These  causes  we  may  seek  in  the 
manner  in  winch  quadriurates  are  decomposed  by  water.     It  is 
probable  that  a  specimen  of  urine  which  is  saturated  with  quadri- 
umtes  at  a  certain  temperatm^e  may  be  decomposed  by  the 
addition  of  water  or  dilute  urine  in  the  same  manner  as  the 

Juadriumte  would  have  been  decomposed  by  water  had  it  been 
eposited.  In  thia  manner  alone  can  we  explain  the  frequently- 
made  observ'ation  that  the  clear  urine  of  healthy  children  deposits 
crystals  of  uric  acid  after  a  few  hours*  standing,  without  any 
urates  being  deposited  or  decomposition  engendered  taking  the 
form  of  acid  fermentatiom  In  this  manner  we  must  also  explain 
observations  such  as  this :  A  man  discharged  urine  in  the  mom- 
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ing  which  formed  a  deposit  of  lithat-es ;  he  kept  it  in  %^essel, 
and  added  to  it  the  urine  which  was  passeil  during  the  daa  and 
evrening.  Next  morning  the  entire  amount  of  lithates  haydbeen 
decomposed,  uric  acid  in  crj*stals  remainintr  undissolved,  the  acid 
urates  disso]\dng.  It  was  clearly  ascertaijied  that  the  deposit 
which  foimed  after  cooling  consisted  of  urates  only,  and  con- 
tained no  uric  acid,  and  no  acid  fermentation  could  be  found  to 
be  present. 

Urates,  which  when  isolated  are  decomposed  by  water,  are 
also  occasionally  entirely  decomposed  into  free  uric  acid  and 
soluble  salts  of  the  bases  by  standing  in  the  urine  from  which 
they  w^ere  deposited.  This  is  perhaps  due  to  tlie  formation  of 
some  free  acid  from  extractive  matters  under  the  influence  of  the 
oxygen  of  the  air;  the  acid  may  be  acetic,  wWch  is  always  a 
final  product  of  the  decomposition  of  urine;  but  it  has  never  yet 
been  proved  to  be  lactic,  as  wiis  supposed  by  Lehmann  and 
Scherer.  This  production  of  acid  by  chemical  change  in  the 
urine  itself  has  been  termed  a  fermentation ;  tlie  process  was 
surmised  to  l)e  engendered  by  a  peculiar  change  in  the  mucus 
derived  from  the  surface  of  the  minary  passages. 

Deposits  of  Uric  Acid  Occurring  nftrr  Emission — HijpothesU  of 
Ifdrave^ical  Acid  Ferfiuyntalian, — As  tlie  alkaline  decomposition 
of  urine,  which  ordinarily  occurs  after  emission,  and  which  is 
termed  alkaline  fermentation,  may   already  take  jdace  in  the 
body  under  certain  circumstances,  it  has  been  thought  possihie 
that  an  acid  fermentation  analogous  to  the  one  alluded  to  in  the 
previous  paragi'aph  might  also  occur  in  the  urinary  passages. 
The  direct  proof  of  the  existence  of  such  a  process  has  not  yet 
been  given,  but  there  are  data  which  make  its  existence  pro- 
bable.    Thus  it  has  been  observed  that  in  certain  cases,  in  which 
the  urine  soon  after  emission  deposited  crystallised  uric  acid,  aud 
iu  which  this  deposition  was  accompanied  or  preceded  by  an  in- 
crease in  the  acidity  of  the  urine  determined  by  quantitative 
analysis,  this  process  was  the  forenmner  of  the  deposition  of  uric 
acid   in  the   urinary   oi^ans.     It  was   supposed  that  different 
pathological  conditions  of  the  body  might  intluence  the  mucus 
of  the  urinary  passages  in  such  a  manner   as  to  cause  it  to 
become  a  ferment,  and  that  when  once  so  predisposed  its  action 
upon  the  materials  capable  of  furnishing  acids  was  only  a  ques- 
tion of  time ;  that  thei-efore  it  could  decompose  the  extractives 
within  the  body,  and  cause  the  precipitation  of  uric  acid  if  the 
secretion  remained  in  the  bla^lder  lor  a  sulHcient  length  of  time, 
but  that  under  favourable  conditions,  particularly  of  temperature, 
it  could  produce  the  same  result  out  of  the  body.     If  there  is 
really  such  a  process  of  acid  fermentation,  and  if  it  really  not 
rarely  jjrecedes  deposits  of  uric  acid  within  the  oigans,  then  it  is 
highly  probable  that  a  process  analogous  to  the  fermentation  out 
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ot  the  bod^  may  also  take  place  within  it.  Ot  coufse,  the  effect 
produced  by  the  acids  created  by  fermentation  will  be  materially 
influenced  by  the  degree  of  acidity  which  the  urine  possesdes  on 
leaving  the  kidneya  But  all  these  considerations  must  now  be 
critically  sifted  by  meana  of  the  information  relating  to  qnadri- 
urates;  for  in  these  oomponnds  there  is  a  focnlty  of  producing 
uric  acid  deposits  by  the  conditions  described  which  is  far 
greater  than  that  of  any  fermentation,  if,  indeed,  the  existence  of 
qnadriarates  themselves  in  some  few  cases  may  not  be  due  to 
fermeotation. 

According  to  the  fermentation  hypothesis,  therefore,  the  coo* 
ditions  which  precipitate  uric  acid  within  the  urinary  organs  are 
the  presence  of  an  acid  urine,  in  contact  with  a  mucous  mem- 
brane or  its  mucus^  which  is  in  an  abnormal  state,  and  acts  as  a 
ferment,  decomposes  extractives,  produces  more  free  acid  than 
belongs  to  urine  normally,  and  thereby  precipitates  uric  acid. 

Hypothesis  of  the  Decomposition  of  Tetrauraies. — The  tetraurates 
also  di^iHieit  uric  acid  immediately  after  emission,  apparently  as 
an  effect  of  mere  cooling.  They  also  deposit  uric  acid  by  con- 
tact with  water,  and  immediately  by  contact  with  acids.  We 
have,  therefore,  in  their  existence  a  number  of  conditions  for  the 
deposition  of  intraorganic  uric  acid.  Once  formed  and  dissolved 
in  urine  in  the  urinary  organ,  they  may  deposit  uric  acid  by  the 
mere  effect  of  time,  by  the  effect  of  more  dilute  watery  urine 
becoming  mixed  with  the  concentrated,  or  by  the  effect  of  more 
acid  urine  becoming  mixed  with  the  less  acid  urine. 

HypotJiesu  of  the  Untqual  Secretion  by  Different  Pyramids  in 
Kidney  DiseoM. — It  is  frequently  obsened  in  kidney  disease 
that  the  several  pyramids  are  very  unequally  affected;  that  one  is 
entirely  destroyed,  another  actively  invaded  by  disease,  and  a 
third  sdmodt  healthy.  It  may  be  supposed  that  the  pyramid  just 
invaded,  but  still  capable  of  secreting,  will  produce  a  urine 
differing  in  composition  from  the  urine  produced  by  the  healthy 
pyramid.  Two  different  secretions  would  therefore  meet  in  the 
pelvis  of  the  kidney  and  react  upon  each  otlier.  Now,  if  one 
produced  a  concentrated  urine  containing  quadriurates,  and  the 
otlier  an  acid  urine,  then  on  the  meeting  of  these  different 
»|ualities  of  secretion  a  precipitate  of  tree  uric  acid  might  be 
formed ;  and  this  might  pass  away  as  sand,  or  form  concretions. 

Ifi/pfdhrms  C&nceming  th^  Influence  of  Mfxh^nical  Arrestment  of 
ths  Floy}  of  Urine  ikrmifjh  the  l/ret ers^^lj tic  acid  is  frequently 
deposited  in  the  fielvis  of  the  kidneys,  even  in  cases  where  no 
oi^ganic  disease  of  the  kidneys  seems  to  exist.  This  points  to 
some  participation  of  the  infunJibula  and  ureters  in  their  pro* 
casses.  That  urine  may  collect  in  the  calyces  of  the  kidneys  we 
hav©  every  reason  to  believe.  The  contractile  powers  of  the 
pelves  and  infundibula  become  less  with  age  j  the  lower  part  of 
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the  pelvis  may  not  be  quite  emptied  of  its  contents,  pftrticularly 
in  the  erect  position.  I  have  even  oksei-ved  that  in  certain 
atrophic  conditions  of  the  kidneys,  accompanied  hy  the  formation 
of  uric  acid  j^reivel,  the  pelvis  of  the  kidneys  and  sacs  of  the  in- 
fundihula  become  so  wide  as  to  contain  urine  after  deatli^ — a  sure 
proof  that  they  could  not  expel  their  contents  during  life,  though 
there  was  no  obstruction  in  the  nreters.  This  condition  only 
occurs  in  later  life,  to  which  renal  concretions  almost  exclusively 
are  proper.  In  children  and  youn^  persons  this  afTection  is  very 
rare. 

Observation. — A  man,  tt*t.  65,  died  of  cancer  of  the  stomadL  He  had 
be€n  a  drunkard  durint;  the  latter  part  of  hia  life,  I  made  the  poft-mortart 
exnminatioQ  of  his  body,  and  found  a  hard  cancerous  tumour  mvolving  the 
larger  curvature  of  the  stomach.  There  were  also  two  large  cancerouB  masaeft 
in  the  liver,  whither  the  cancer  bad  prog^ressed  by  means  of  infesting  the  dot 
in  the  gastric  veins,  aod  in  the  portal  vein.  The  cancerous  juice  moet  pro- 
habty  coagulated  the  blood  ;  and  the  coagula  became  the  beds  of  cancerous 
cell-development.     Of  this  procesa  all  stf^es  could  be  observed. 

The  kidneys  were  in  a  state  of  contractive  atrophy,  their  upper  halves  more 
than  the  lower,  which  gave  them  a  very  peculiar  shape.  Their  calyces  con 
tiiined  several  drachms  of  turbid  urine.  In  the  lowest  part  of  the  rif^bt  calyx 
there  hiy  a  number  of  uric  acid  concretions,  true  red  graveL  The  ureters 
were  quite  pervious.  The  bliMlder  eontiyned  no  concretions  of  any  kind.  I 
could  not  ascertain  wbether  the  tniin  had  had  any  symptomB  of  gravel  during 
life.  If  this  was  the  case  during  the  development  of  the  cancer,  the  symptoms 
probably  merged  in  the  suFering  attending  this  disease. 

CrydaUwed  Sediments, 
The  following  observations  serve  to  show  the  difference  that 
may  exbt  between  cases  in  which  a  precipitate  of  uric  acid 
formed  in  the  bladder  is  one  of  the  symptoms  : — 

OuBKRVATioN. — Mrs  T — ,  ffit  75,  had  undergone  great  mental  anxiety  ; 
and,  io  consequence,  apparently  lost  her  bodily  health.  There  were  loss  of 
appetite,  indigeetion,  and  increase  of  the  hnbitnal  constipation.  There  was 
headache  over  the  eyebrows,  with  flushing  of  the  face,  and  heat  and  dryness 
of  the  surface  of  the  body.  The  urine,  on  being  passed,  was  turbid,  being 
mixed  with  a  dark  brown — almost  black — sediment,  appearing  like  fine 
cofTee  grotmtls.  The  sediment  seemed  to  increase  somewhat  after  ocK>ling. 
Under  the  microscope  it  exhibited  itself  to  be  composed  of  rhombs  of  uric  acid, 
mijLed  with  a  considerable  amount  of  granular  urates.  A  pill  of  a  grain  of 
powdered  ipecacuanha,  with  four  grains  of  rhubarb,  taken  before  every  meal, 
seemed  to  exert  a  very  beneficial  influence  upon  the  digestive  organs.  An 
alkaline  mixture,  taken  three  hours  after  the  principal  meals,  counteracted  the 
heartburn.     Under  this  treatment  the  deposit  gradually  disappeared. 

June  12th,  1856.— After  three  weeks  of  apparently  good  health,  another 
attack  of  gravel  came  om  The  symptoms  were— pain  in  the  loins  and  chest 
and  around  the  stomach,  flatulency,  want  of  appetite,  prostration  of  strength, 
and  beodache.  The  bowels  had  been  kept  open  by  the  rhubarb  and  ipecacu- 
anha pilhi  taken  before  meals  ;  they  even  had  been  relaxed,  a  very  unusual 
thing  with  thb  patient.  The  alkaline  mixture  soon  restored  her.  The  uric 
add  crystals  were  small,  with  double  outline,  dark  brown,  and  were  mixed 
with  very  light  hexagonal  plates, 

2Sth.— There  was  a  single  discharge  of  gravel  after  some  heat  in  the  facei 
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pain  in  the  8tx>macli,  and  f^reat  flatulency.  The  deposit  was  roost  coplooL 
The  crj'atals  were  hour-gliisa  shaped  and  oroid.  I  did  not  prescribe  any 
nie<licine  on  thi^  occ^ijjion,  but  merely  enjoined  the  patient  to  empty  the 
bladder  fireqtiently. 

A  tonic  plan  of  treatment  waa  now  adopted,  which  comprised  qninine  and 
iron  as  the  phannaceutical  elements  ;  cold  sponging  bath  and  exercise  as  tiie 
hygienic  part ;  and  rich  diet,  with  a  larger  amount  of  spring  water  taken 
between  meal  times,  as  the  dietetic  r^ginie^  I'he  patient  subsequently  possiMl 
a  small  renal  calculus  and  then  i-emained  free  from  any  s^'iiiptonis  of  renal 
concretions  for  several  years  up  to  her  death,  which  took  place  from  stenosis 
of  the  aortic  aperture  of  the  heart 

This  case  being  one  whem  the  deposit  was  formed  in  the 
urinary  organs,  is  a  good  illustration  of  a  ceiiain  class  of  cii- 
cumstaoces  under  which  this  may  occur.  The  danger  of  the 
formation  of  a  concretion  is  great  in  these  casea  The  best  pre- 
ventive measui'e  is  the  fi'ee  use  of  drink-water,  and  the  frec^uent 
dii^charge  of  the  urine  from  the  bladder.  In  this  manner  the 
urinary  passages  are  freed  from  dregs,  and  the  urine  is  not 
allowed  time  to  undeigo  decomposition. 

The  following  case  is  very  different  from  the  former,  as  regards 
age  and  condition  of  the  patient,  and  the  symptoms  under  which 
the  deposit  occurred : — 

OssBRVATioir. — Master  B— ,  a  fine  strong  hoy,  nineteen  months  old, 
had  snjfered  torn  aerere  bronchitis  during  the  winter  lb55-56,  with  conget- 
tion  of  the  lungs,  at  one  time  bordering  on  pneutuonia.  He  had  a  second 
seTere  attack  in  the  early  part  of  the  spring  of  1856,  when  at  Boulogne. 
From  both  attacks  he  had  perfectly  recovered,  when,  at  the  begmning  of  May, 
his  mother,  then  staying  with  him  at  Gravesend,  noticed  him  to  smTer  tnm 
irritation  of  the  bladder,  the  child  being  obliged  to  pass  urine  at  least  twelve 
or  fifteen  times  in  the  couri^e  of  tlie  day  Immediately  after  the  water  had 
been  passed,  a  red  «and  subsided  to  the  bottom  of  the  vessel.  The  child  was 
well  ftffliin  next  day,  without  any  treatment  having  been  had  recourse  to« 

On  June  14th,  1856,  another  attack  of  red  sand  came  on,  causing  symptoms 
similar  to  those  on  the  first  occasian.  The  urine  on  piisi^Lng  contained  a  large 
amount  of  a  light  brown  sediment  of  uric  acid.  The  crystals  were  distinguished 
by  their  contaiijing  very  little  colouring  matter,  so  that  in  strong  light  some 
almost  escaped  observation.  They  were  all  flat  rhombic  plates  of  different 
nnglesu  The  urine  was  highly  concentrated  ;  urea  crystallizing  spontaneously 
from  a  drop  on  a  slip  of  glass. 

In  this  case  the  disorder  seemed  to  have  some  connection  with 
the  diet  of  the  child,  to  which  he  either  restricted  himself  or  was 
restricted,  namely,  milk  diet,  ttiking  for  three  meals  nothing  but 
milk,  with  bread  and  bntter  or  biscuits.  Whether  the  child  got 
well  spontaneously,  as  on  the  fonner  occasion,  or  whether  the 
change  to  a  more  mixed  diet,  with  lif^dit  vegetables  and  meat,  had 
any  share  in  the  disappcaraoce  of  the  deposit,  coidd  not  be  de- 
cided. The  deposit,  however,  did  not  reappear  afterwards.  This 
case  seems  worth  noticing,  aa  the  uric  acid  deposit  and  the 
strangury  caused  thereby  M'ere  the  only  disorders  that  could  be 
discovered,  the  child  being  aU  the  time  as  well  and  blooming  as 
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one  could  wish  any  child  to  be.  It  is  possible  and  probable  that 
the  stmnguiy  set  up  by  the  nric  acid  crystals  in  this  and  mnuy 
similar  cases  of  crystallised  deposit,  is  the  means  of  preventing 
the  formation  of  concretions,  and  their  retention  in  the  urinary 
passages. 

The  urine  of  this  boy,  in  which  another  sediment  occurred 
after  filtration,  yielded  some  few  crystals  of  uric  acid  on  addition 
of  acetic  acid.  But  the  case  of  the  aged  lady  bore  out  the  state- 
ment of  l*rout  (toe,  ciL  p.  198),  that  the  urine  is  so  completely 
divested  of  lithic  acid  by  a  peculiar  arrangement  of  the  urinary 
principles,  that  on  adding  to  it  an  excess  of  mineral  acid,  not 
another  particle  of  lithic  acid  is  usually  deposited. 

Another  illustrative  case  of  crj^staUised  deposit  formed  in  tlie 
urinary  organs  is  recorded  by  G.  Bird  {loc.  cit  p.  158,  §  156), 

In  children  who  are  liable  to  the  formation  of  crystallised  uric 
acid  deposits  in  the  bladder,  symptoms  of  in'itation  about  the 
urinary  organs  may,  accoi-ding  to  Prout  (/oc.  cit,  p,  202),  be  always 
more  or  less  observed  if  the  child  be  attended  to.  Thus  there 
wiU  be  found  frequent  desire  to  pass  mine,  which  is  voided 
in  very  small  quantities,  and  with  manifest  uneasiness.  The  irri- 
tation about  the  urinary  organs  also  sometimes  induces  the  child 
to  wet  the  bed  by  night,  &c.  This  irritation  from  the  presence  of 
crystallised  deposits  does  not  seem  to  exist  in  adult  persons.  It 
is  not  mentioned  in  Bird's  case  just  quoted,  and  was  not  present 
in  my  tirst  case. 

Uric  Acid  Concretion$> 

I.  Sajid  and  OraveU — Crystcdline  ScdimenU, — There  seems  at 
first  sight  to  be  no  great  reason  for  drawing  any  particular  dis- 
tinction l)etween  common  uric  acid  deposits  on  the  one  hand, 
and  sand  and  gravel  on  the  other.  Indeed,  the  common  deposits 
of  pulverulent  uric  acitl  arc  frequently  called  gravel  and  sand  by 
medical  men  and  by  laymen.  This  practice,  however,  is  not 
quite  correct,  and  should  therefore  not  be  generally  adopted. 
What  we  call  "  the  common  pulverulent  deposit  of  uric  acid  **  is 
made  up  of  single  crystals  of  that  substance.  The  occurrence  in 
such  a  deposit  of  tmn  crystals,  crossed  crj^stals,  of  crystals 
simply  hanging  together  in  a  variety  of  ways,  is  an  exception, 
and  does  not  constitute  a  deposit  of  sand  or  gravel  To  fall 
under  the  latter  denonunation,  a  deposit  must  exhibit  a  tendency 
towards  a  compound  arrangement  of  the  crystals— that  is,  the 
crystals  must  group  themselves,  with  their  predominant  axis, 
round  a  common  centre,  like  the  rays  round  the  luminous  body 
from  which  tbey  emanate.  Mostly  one  or  two  large  crystals 
form  the  basis  of,  or  are  mixed  up  with,  these  globular  masses. 
What  I  should  like  to  call  **  sand,"  therefore,  would  be  masses  of 
uric  acid,  mostly  globular,  or  irregularly  roundish,  or  oblong,  of 
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veiy  uniform  size,  from  ^V^h  to  yirtli  of  an  inch  in  dmmeter,  and 
answering  to  the  above  definition.  Viewed  by  transniitted 
light  under  the  microscope,  the  globules  are  perfectly  impervious 
to  litrht ;  and  tlie  uric  acid  crystals  on  the  surface  are  faintly 
transparent,  of  a  dark  brown  colour.  To  the  naked  eye  the 
deposit  is  red,  \iith  a  tintje  of  brown.  When  disturbed  the 
sediment  mixes  with  the  clear  urine,  but  Fa}iidly  subsities  to  the 
bottom  when  the  tluid  comes  to  rest.  Generally,  no  small  or 
well-delioed  crj'stals  of  the  ordinary  kind  are  mixed  with  this 
sand. 

This  description  of  sand  is  sometimes  met  with  in  the  pale 
and  watery  urine  of  early  infancy. 

Under  the  name  of  "  gravel/'  I  would  comprise  concretions 
varying  in  size  from  y\th  of  an  inch  <liaraeter  upwards,  until,  by 
their  8i7.e,  they  become  incapable  of  passing  either  the  ureters  or 
the  urethra.  These  concretions  are  generally  rough ;  and  if 
many  are  discharged  at  one  time  am  of  variable  size,  from  that 
of  a  pin's  head  to  that  of  an  almond.  A  variety  of  these  crys- 
talline concretions  are  the  ** pui/orTfi"  "  the  formation  of  wlxich 
is  attended  by  a  remarkable  feature,  namely.  fh€  great  number  in 
which  they  are  U)4ually  generated,  a  circumstance  which  may  be 
said  to  be  characteristic  of  them.  Their  great  number  occasions 
them  to  accumulate  occasionally  in  the  pelvis  of  the  kidney  ;  or 
in  the  lower  portion  of  the  ureters,  where  they  terminate  in  the 
cavity  of  the  bladder ;  and  on  sucli  occasions  severe  nephritic 
attacks  are  sometimes  the  consequence.  These  concretions  vary 
in  size,  from  that  of  a  pin's  head  to  that  of  a  pea  or  marbla 
Their  form  is  always  more  or  less  globular ;  though  they  some- 
times present  flattened  or  facetted  surfaces,  produced  by  their 
contact  or  attrition  with  each  other.  Their  surface  is  usually 
smooth,  sometimeB  even  porcelainous  or  polished ;  and  their 
internal  texture  is  almost  invariably  crystallised,  and  usually 
lamellated.  Their  colour  ranges  through  all  the  shades  of 
yellow;  and  occasionally,  though  more  rarely,  they  assume  a 
dark  brown  or  i^dish  colour"  (Prout).  These  pisiform  con- 
cretions are  mostly  deposited  after  the  age  of  forty. 

2.  l^ric  Acid  Caicidi^^^Thn  number  of  calculi,  of  which  uric 
acid  forms  either  the  nucleus  or  the  entire  substance  h  very 
great,  standing  to  the  number  of  all  other  calculi  in  the  propor- 
tion of  two  to  three.  They  am  found  of  all  sizes,  from  the 
lai-gest  pisiform  concretions  to  stones  of  live  or  six  ounces,  or 
more,  in  weight.  If  formed  in  the  pehis  of  the  kidney,  a  uric 
acid  stone  may  have  a  very  irregular  rough  shape  and  surface. 
If,  however,  the  body  and  crust  of  the  stone  have  been  formed 
in  the  bladder,  as  is  mostly  the  case,  the  shape  will,  in  general, 
be  that  of  a  flattened  ovoid,  the  Hafctening,  in  many  casest  being 
80  trifling  as  to  escape  notice.     The  exterior  of  the  uric  acid 
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calculus  ia  slightly  tuberculated ;  but  in  many  cases  the  tubercles 
are  so  water-worn  that  the  surface  is  smootk  In  colour,  uric 
acid  calculi  var>^from  redtlish-yellow  or  fawn-colour  to  brownish- 
red,  or  brown  with  an  admixture  of  red,  like  old  mahogany.  On 
being  divided  by  a  saw,  they  are  seen  to  he  composed  of  con- 
centric layers,  which  are  of  variable  thickness  when  compared 
with  each  other.  But  every  layer  preserves  its  own  thickness 
pretty  regularly  all  round  the  calculus.  The  texture  of  the 
stone  is  best  seen  on  the  surface  of  a  fracture.  In  hard  and  pure 
stones  it  is  cryBtalline,  fihrous,  the  fibres  of  each  layer  verging 
like  radii  towards  the  centre  of  the  stona  On  breaking  a  stone^ 
the  fracture  will  mostly  he  pamllel  with  these  cr}^8talline  fibres. 
Stones,  however,  which  are  less  dense  and  less  pure  are  earthy, 
and  amoqjhous  in  fracture.  Some  few  stones  are  so  hard  that 
they  give  a  ringing  noise  on  percussion,  a  sharp  sound  like 
a  pehble,  and  on  being  chipped  exliibit  a  conchoid  Iracture. 
These  stones  are  very  dangerous,  when  they  become  the  sul>]ect3 
of  the  process  of  lithotrity,  for  their  fragments  are  so  sharp  that 
they  wound  the  bladder,  and  cause  intiltration  of  the  urine  into 
the  adjacent  cellular  tissue ;  the  consequences  of  which  are 
mostly  ext43n8ive  mortification  and  death.  It  is,  therefore,  of 
high  practical  importance  to  ascertain  the  circumstanee-s  under 
which  these  hard  stones  may  be  formed. 

The  laminated  structure  of  the  uric  acid  calculi  (and  of  all 
other  laminated  calculi)  shows  that  they  are  formed  by  the 
gradual  precipitation  of  uric  acid  from  the  urine,  the  precipi- 
tated substance  being  deposited  in  an  equal  layer  all  over  the 
surface  of  the  concretion,  which  forms  the  nucleus,  and  also  over 
the  surface  of  all  subsequent  layei's ;  a  circumstance  which  is 
the  condition  of  the  paralk4ism  of  the  rings  seen  on  section. 
The  layers,  however,  show  something  more ;  namely,  that  the 
formation  of  the  stone  has  been  interrupted,  or  has  taken  place 
at  different  intervals.  Of  this  circumstance  there  coidd  not  be 
given  a  better  description  than  that  of  Prout : — "  Between  the 
different  intervals  at  which  the  different  lamina  have  been 
formed,  periods  have  intervened  during  which  no  deposition  has 
taken  place.  This  remark  not  only  applies  to  the  different 
laminse  of  a  heterogeneous  calculus,  but  to  the  different  laminae 
of  calculi  composed  of  the  same  substance ;  as,  for  instance,  to 
the  different  laminae  of  which  lithic  acid  concretions  usuaUy 
consist.  This  explanation  is  in  perfect  accordance  with  the 
circumstances  attending  the  formation  of  calculi,  which  often,  as 
is  well  known,  remain  in  the  bladder  for  a  great  number  of  years, 
without  attaining  any  remarkable  size.  Moreover,  the  constant 
state  of  change  alone  to  which  the  urine  in  all  individuals  is 
liable,  almost  precludes  the  notion  of  homogeneity  in  a  calculus. 
We  may  suppose^  therefore,  that  ceitain  changes  take  place  in 
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the  urine,  during  which  the  law  of  continuity  of  deposition  is 
suspended,  and  the  surface  of  the  concretion  becomes,  as  it  were^  [ 
wtUer-ivoni  and  less  apt  for  future  accretion;  in  short,  assumes j 
all  the  properties  of  a  heterogeneous  substance.  Under  these  ' 
circumstances,  when  a  tendency  to  deposition  occurs,  it  will  have 
to  commence  d^  ftovo,  and,  as  it  were,  upon  the  surface  of  & 
foreign  body.  The  consequence  will  be  that  the  adhesion  be-  < 
tween  tlie  new  and  the  old  coats,  or  lamina^,  will  be  less  firm 
than  in  tlie  iuteroiediate  parts,  and  that  a  calculus  thus  formed 
will  be  disposed,  when  broken,  to  separate  into  concentric 
laminae."  To  this  we  have  only  to  add  that  one  great  cause  of 
the  formation  of  layers  is  the  periodicity  with  which  the  bladder 
is  emptied  of  it^  contents.  If  uric  acid  is  really  precipitated  by 
acid  fermentation,  and  if  for  this  fermentation  to  produce  a 
sufficient  amount  of  acid  a  ceiiain  time  is  required,  during  which 
the  ferment  must  he  in  contact  with  the  substance  to  be  fer- 
mented, then  no  uric  acid  can  be  deposited  immediately  after  the 
bladder  has  discharged  its  contents ;  and  no  uric  acid  can  be  de- 
posited if  the  bladder  is  so  irritable  as  to  discharge  its  contents 
at  frequent  and  short  intervals,  a  condition  which,  as  1  have 
already  stated,  I  believe  to  be  the  main  safeguard  against  the 
more  fretfuent  occurrence  of  stone  in  the  bladder.  If,  on  the 
other  hand,  the  calculus  does  not  irritate  the  bladder  at  ortlinary 
times,  or  is  the  mechanical  c^use  of  a  retention  of  part  or  the 
whole  of  the  urine,  so  that  the  urine  has  time  to  he  collected 
and  to  be  fermented,  a  deposition  upon  the  calculus  wiU  take 
place, 

Ck€mi4ial  Oharaden  of  Uric  Add  ConereHons. — The  chemical 
characters  are  those  of  uric  acid.  But  as  the  concretions  may  be 
more  or  less  pure,  it  is  advisable  to  foUow  a  method  in  analysing* 
The  blow-pipe  decides  whether  the  stone  leaves  any  residue  on 
combustion*  A  piece  of  the  stone  is  then  reduced  to  a  powder, 
a  ^veighed  portion  of  which  is  extracted  with  ether,  then  with 
alcohol,  and,  at  last,  repeatedly  with  boiling  water  The  ether 
dissolves  anjt  fat;  the  alcohol  takes  up  colouring  matter;  the 
boiling  water  removes  urates  and  soluble  inoi-ganic  salts,  and  a 
trace  of  the  acid.  If  it  is  not  necessary  to  be  very  accurate,  the 
extraction  ^ith  ether  and  alcohol  may  be  omitted.  The  powder 
which  is  not  soluble  in  water  may  now  be  dissolved  in  a  dilute 
and  warm  solution  of  caustic  potash  or  soda,  and  precipitated  by 
carbonic  acid,  when  white  urate  of  soda  will  be  mostly  obtained. 
Or  the  solution  in  potash  may  be  precipitated  with  acetic  acid, 
when  all  the  uric  acid  falls  down  in  a  very  pure  state,  and  is 
obtained  by  filtration,  washing,  and  drying.  The  combined 
weights  of  the  extracts  and  of  the  pure  uric  acid  must  be  nearly 
equal  to  the  weight  of  the  powder  taken  for  analysis. 
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Oonereiians  eonsisiing  esaeniially  of  Urate  of  Ammonia. 

These  calculi,  composed  essentially  ^f  urate  of  ammonia^  were 
discovered  by  Frout  ("  Med.  Chin  Trans,"  x.  389).  Tliey  are  of 
ruther  rare  occurrence,  aod  seem  confined  to  cMdren  under 
pulKTty.  They  are  of  small  size,  and  have  a  smooth  or  slightly 
tuberculated  surface,  and  a  pale  slate  or  clay  colour,  sometimes 
with  an  admixture  of  red  or  brown.  In  rare  instances  their 
colour  is  fawn,  and  in  such  stones  pink  layers  occur  towards  the 
centre.  They  are  composed  of  concentric  layers,  but  the  layers 
are  much  less  distinct  and  much  thinner  than  those  of  uric  add 
calculi  They  have  a  line  earthy  fracture,  and  are  easily 
broken. 

The  chemical  diagnosis  rests  upon  the  solubility  of  the  urates 
in  bniling  water,  by  which  tliey  are  distinguished  from  all  other 
calculL  After  the  urates  have  been  obtained  in  a  pure  state  by 
dissolving  and  filtering,  the  uric  acid  may  be  precipitated  by 
acetic  acid,  collected  on  a  filter,  washed,  dried,  and  %veighed. 
The  filtered  fluid  contains  the  acetates  of  the  bases  with  which 
uric  acid  was  combined.  We  add  hydroeldoric  acid,  evaporate 
to  dryness,  heat  with  platinic  chloride  to  precipitate  ammonia 
and  potash,  wash  with  absolute  alcohol  and  ether,  evaporate 
filtrates,  and  expose  the  residue  to  a  red  heat,  when  soda  and 
lime  remain  as  chlorides.  The  residue  is  now  dissolved  in  a 
little  water,  the  lime  is  precipitated  as  oxalate  by  the  addition  of 
amnionic  oxalate,  filtered,  dried,  and  weighed.  The  filtered 
liquid  contains  the  sotla,  which  may  be  determined  in  the  form 
of  sulphate*  In  calculating  the  results,  we  apportion  a  molecule 
of  base  to  every  molecule  of  uric  acid ;  any  excess  of  acid  was 
present  in  the  uncombined  state. 

Layers  of  Uric  Acid  and  Urates  in  alternating  and  miasei 
Calculi, 

These  layers  are  due  to  the  same  causes  as  the  massive  concre- 
tions. But  there  seems  to  be  one  cauae  of  the  occurrence  of 
umtes  to  which  it  is  necessary  to  advert  before  concluding  the 
chapter  on  uric  acid.  Ammonia  at  the  temperature  of  the  body 
very  quickly  changes  uric  acid  into  urate  of  ammonium.  The 
urine  in  calculous  disorders  very  frequently  becomes  alkaline; 
nay,  if  the  disorder  last  long  enough,  ammoniacal  decomposition 
of  the  urine  in  the  bladder  is  almost  always  present  In  evi- 
dence of  tliis,  almost  one-half  of  all  calculi  possesses  a  cortical 
layer  of  niLxed  phosphates,  the  consequences  exclusively  of  am- 
moniacal urine.  Now  there  can  be  no  doubt  that  if  a  uric  acid 
stone  become  the  cause  of  such  disorders  of  the  urinary  passages 
aa  will  induce  alkaline  fermentation  in  the  urine,  the  outer 
layers  of  this  stone  must  be  transformed  into  urate  of  ammonia. 
A  stone  with  a  uric  acid  nucleus,  a  body  of  urateSi  and  a  cortical 


02 


URIC  Acm. 


portion  of  mixed  phosphates,  suggests  thefoUowiag  history: — In 
the  beginning  there  wtia  a  renal  uric  acid  concretioD,  which  in- 
creased in  the  bladder.  Then  the  calculus  caused  disorder  of  the 
bladder,  or  of  the  urine  (as  by  excessive  treatment  with  alkaline 
remedies),  which  ended  in  tlie  estabJisbment  of  alkaline  fermen- 
tation ill  the  bladder,  by  which  the  outer  layers  of  the  uric  acid 
concretion  were  first  tmnsformed  into  urate  of  ammonia,  and 
afterwards  encased  in  a  cnist  of  mixed  phosphates. 

Calculi  composed  mainly  of  urates  frequently  contain  oxalate 
of  lime  and  small  quantities  of  phosphates  in  intimate  mixture 
with  the  urates.     They  ai^e  then  called  miu-i^d  calciUL 
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NOTES  TO  URIC  ACID. 
Amorphous  Sediment  in  Healthy  Urine, 

In  En^Iftnd,  on  the  authoritj  of  Front,  the  granular  sediment  has 
consider^  as  onite  of  ammonia.   Beace  Joaea  ("Med  CliLr.  Traasact"  27, 1 
1644)  showed  thiit  it  might  be  nraXe  of  luumonia  chi^Dged  la  form  by  the 
presence  of  common  8*1  U 

That  the  amorphoQH  sediment  often  differs  in  its  reactions  from  any  mix- 
ture of  acid  urates,  was  shown  long  ago  by  Berzeltua  and  Lehnnum. 

In  the  9th  volume  of  the  Lebrbuch,  1S4U,  p.  41&-419,  Beneliut  Sttys, ' 
speaking  of  the  ordinary  deposit : — **  If,  after  the  urine  has  beoome  thick, : 
U  filtered,  and  the  sediment  is  washed  on  the  filter  and  water  is  left  to  atmid 
on  it,  often  crystals  may  be  found  in  a  few  hours." 

In  the  id  volume  of  his  Lehrbuch,  1633,  p,  355-6,  Lehmann  says,  whe 
speaking  of  the  same  sediment  when  filtered  : — **  If  we  examine  the  dep 
on  the  filter  directly,  or  after  it  has  been  treated  with  hot  water  to  dissoh 
it^  endeavour  to  make  it  pass  through  the  filter^  a  quantity  of  the  mo 
beautiful  uric  acid  crystals  will  be  found,  whilst  in  another  portion  of  t' 
same  sediment  which  has  not  been  filtered,  not  a  trace  of  a  crystal  can 
discovered."     *Mn  this  exijeriraeut,  although  a  Lirge  quantity  of  crysti  "" 
uric  acid,  free  &om  soda,  remaint^d  on  the  til  tor,  yet  the  liquid  which 
through  the  filter  had  not  an  alkaline  reaction." 

Lehmann  attribut^is  this  liberation  of  uric  acid  to  a  change  set  up  by  the 
colouring  matter,  and  Berzelius  considered  the  crystals  as  urate  of  ammonia,! 
formed  by  the  action  of  the  mucus  of  the  urine.     But  the  experiments  of  fi^] 
Jones  have  shown  that  the  colouring  matter  and  the  mucus  have  nothing  to 
do  with  the  reaction* 

Examination  of  Sedimi$Us  of  UraJtu. 

Heiut2(Miillers  **Archiv."  1845,  p.  230)fihered  the  urine  before  it  1 
troubled,  or  rediasolved  the  sediment  by  heat,  filtered  and  allowed  it  to  form 
jtgain.  He  then  collected  or  filtered,  washed  with  water,  and  dried  the 
lesidue  on  the  filter. 

A  portion  of  this  in  a  water-glaas  treated  with  canstic  potash   eyolY 
ammonia,  reccgnbed  by  the  whit«  vapourts  which  it  formed  upon  a  glass  rod  ' 
dipped  in  hydrochloric  miA,     20  sedimenU  all  contained  ammonia. 

The  other  portion  of  the  sediment  was  burned.     9  specimens  yielded  the 
following  percentfiges  of  ash  : — 

4  26.  802,  3  20,  2i>S,  563,  714,  6'20,  4'21,  3^61. 
The  actual  amount  of  ash  obtained  varied  between  0*002  and  0*006 
It  was  analysed  as  follows  : — 

The  tsh  WIS  extracted  with  little  boiling  water,  the  alkaline  sdlnii 
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filtered  off  and  evaporated  to  dryness.  The  residue  was  dissolved  in  a  little 
water  and  treated  with  hydrochloric  acid,  which  caused  the  evolution  of  a 
little  ffaa.  The  aoMtioo  was  then  again  evaporated  to  dryness  and  tested 
with  tne  blowpipe.  8oda  wtxs  always  reeoj^Tiised.  The  rest  was  tised  ro 
separate  potash  by  chloride  of  platitiym.  In  two  cases  very  small  but  in- 
dubitable qnaDtities  of  pota.sh  were  fQund. 

The  part  of  the  ash  which  had  not  been  dissolved  in  water  was  dissolved 
in  hydnjchloric  acid  under  effervescence.  The  solution,  made  alkaline  with 
ammonia,  was  treated  with  oxalic  acid-  In  all  cases  a  precipitate  of  oxalate 
of  lime  waa  obtained.  The  filtrate  firom  this  gave  in  one  case  only  a  feeble 
precipitate  with  phosphate  of  soda,  showing  the  presence  of  a  little  magnesia. 

The  ash  never  contained  hydrochloric,  sulphuric,  or  phosphoric  acid. 
Heinta  prepared  an  artiticial  deposit  by  dissolving  urate  of  ammonia  in 
chloride  of  sodium.  On  coolings  a  deposit  ensued  in  amorphous  granules  which 
{foiinerly  believed  by  Bene©  Jones  to  be  urate  of  ammonia)  was  found  to  con- 
tain mainly  unite  of  soda,  only  little  ammouiB,  and  an  excess  of  uric  acid, 
[  which,  considering  that  the  formula  of  uric  acid  was  then  half  the  present 
one,  led  fleLntz  to  suppose  that  the  compound  wiis  urate  of  soda  combined 
with  uric  add.  The  idea  of  the  quadriurates,  therefore,  originally  comes 
from  HeintZL 

Tlie  urates  obtained  by  dissolving  urate  of  ammonia  in  a  hot  solution  of 
chloride  of  sodium  and  deposited  after  filtiation,  contain  the  more  soda,  the 
more  concentmted  the  solution  of  chloride  of  sodium  is.  The  deposits 
mostly  contained  uric  acid,  from  8 1 '2  to  81*8  per  cent.;  oxyde  of  ammonium,  fn:fm 
0n>9  to  1*41  per  cent;  aoila,  from  12-64  to  14'92  per  oent^;  and  urates  (loss), 
from  296  to  4*14  per  cent. 

Another  uratej  cryitnllUtd  in  needl&f  was  obtained  by  dissolving  urate  of 
aniniunia  in  chloride  of  sodium,  mixed  with  excess  of  ammonia.  It  contained 
uric  acid,  88*35  ;  NH^O,  6  31  ;  soda,  474 ;  urates,  U-60  per  cent  It  losses  all 
water  at  ICK),  while  the  above  soda-salt  retains  one  equivalent  at  100, 

The  soda  deposits  can  also  be  obtained  by  triturating  chloride  of  sodium 
and  uric  acid  together,  and  adding  uratea,  afterwards  ammonia,  in  the  cold 
until  its  smell  is  clearly  perceptible.  The  entire  amount  of  uric  acid  is  there- 
by transformed  into  an  amorphous  powder,  or  if  more  tkiid  is  present,  into 
krger  balk,  which  contain  uric  acid,  8 1 '34  per  cent;  soda,  13*97  ;  oxyde  of 
ammonium,  0*35  ;  acid  urates,  4*43  per  cent. 

Heintz  expla'ms  the  formation  of  crystidline  sediments  of  uric  acid  by  the 
presence  of  a  large  amotmt  of  rery  acid  phosphato,  Against  this  speaks  the 
circumstance  that  the  uric  acid  does  not  redissolve  on  mixing. 

The  formation  of  the  amorphous  sediments  of  uxatea  he  explains  by  the 
reaction  of  various  quuntities  of  unc  acid  upon  the  phosphate  of  soda  (in  the 
presence  of  lime  and  ammonia  salts).  The  three  salts  produced,  namely, 
urates  of  soda,  ammonia,  and  lime,  precipitating  together,  cause  the  amon^hous 
fine  granular  nature  of  the  deposit  They  always  appear  so  when  falUng 
down  in  a  solution  contiduing  chloride  of  sodium.  The  ammonia  Ecintx 
derives  from  the  urea,  tbe  lime  from  the  dissolved  acid  phosphate. 
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fins  alkaloid,  which  in  older  publications  is  also  termed  srantAi 
oxyde,  and  uric  oxydt^  was  discovered  and  first  described  by  Dr^ 
Alexander  Marcet  in  his  "  Essay  on  the  Chemical  History  and 
Medical  Treatment  of  Calculous  Disorder?,"  2d  edit.»  London, 
1819.  It  was  subsequently  observed  by  Laugier  (**  Journ.  de 
Chim.  M«5d/*  5  (1829)  513).  constituting,  as  in  the  case  of  Marcet^^ 
a  urinary  calculus.  A  tliird  calculus  of  this  kind  was  discovered' 
by  the  chemist  Stromeyer,  and  by  him  presented  to  Wohler  and 
Liebig,  The  investigations  of  these  authors  ("  Ann,  Chem,"  27 
(1838)  340;  PoggenA  Ann.  41  (1838)  393)  established  the 
above  formula,  and  many  of  the  chemical  properties  of  xanthine* 
It  was  believed  to  be  a  pathological  product  of  the  human  eco« 
nomy,  until  Strahl  and  Lieberktihn,  in  their  essay,  "  Hamaaurd 
im  Blut."  Berlin,  1848,  p,  119,  showed  that  it  was  a  normal  in- 
gredient of  human  urine.  Ten  years  later,  Thudichum  ("  Med* 
Times  and  Gazette/*  1858,  2, 571)  discovered  the  normal  presence 
of  xanthine  in  the  human  liver,  both  in  health  and  disease.  \ 
In  the  same  year  Strecker  C^  Ann.  Chem."  108  (1858)  141)  pre- 
pan'd  xanthine  artificially  from  guanine  and  hypoxanthine,  and 
confirmed  the  constant  presence  of  the  alkaloid  in  human  urine. 
Ptiideler  ("iVnn,  Chem."  Ill,  28)  enlarged  these  experiences,  and 
Scherer  ('*  Ann.  Chem."  112,  257)  extracted  xanthine  from  the 
flesh  of  horses.  He  also  explained  that  some  of  the  reactions 
and  properties  fonnerly  ascribed  by  him  to  hypoxanthine  really 
belonged  to  xanthine,  w^hich  had  been  obtained  mixed  with  the 
other  base.  The  chemical  relations  of  xanthine,  guanine,  krca- 
tine,  &c.,  were  discussed  by  Strecker  ("  Ann,  Chem/'  118  (18G1) 
116).  Since  then  xanthine  has  been  extracted  also  from  the 
Mesh  of  oxen  and  fishes,  and  may  therefore  be  said  to  be  a 
normal  ingredient  of  muscular  tissue;  it  is  regularly  found  in 
the  spleen,  pancreas,  and  liver  of  the  ox,  and  the  thymus  gland 
of  the  calf.  It  is  also  present  in  guano,  and  can  be  obtained 
from  the  mother-liquors  of  guanine  by  the  acetate  of 
procesa  to  be  described  below.     In  pathological  conditions 
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human  body,  its  quantity  in  certain  organs,  such  as  the  enlarged 
liver  or  spleen,  is  increased;  and  it  may  be  assumed  that  an 
increased  production  of  xanthine  precedes  the  foi-mation,  in  the 
urinary  bladder,  of  calculi  composed  of  tins  substance. 

Modes  of  obtaining  Xanthine  from  Human  UHnc. — 1,  The 
following  process  is  perhaps  the  most  direct  and  convenient,  as 
it  dispenses  with  the  difficulty  of  the  evaporation  of  large  quanti- 
ties of  primar)^  materiali  which  is  a  requisite  in  the  processes  to 
be  described  later  on.  The  fresh  filtered  urine  is  made  strongly 
acid  with  sulphuric  and  oitric  acid,  and  treated  with  an  acidihcd 
solution  of  phosphomolybdiite  of  sodium,  as  long  as  a  precipitate 
is  produced.  This  is  collected  on  a  filter,  and  washed  witli 
water,  acidified  with  sulphuric  acid.  It  is  then  decomposed  with 
baryta  water  in  the  water-bath,  and  the  excess  of  barj^ta  is  re- 
moved by  carbonic  acid  and  boiling.  The  filtrate  is  treated  with 
neutral  plumbic  acetate ;  then  mth  basic  acetate  ;  and  ultimately 
with  basic  acetate  and  ammonia ;  and  the  respective  precipitates, 
containing  all  the  xanthine  and  urochrome,  are  isolated.  They 
are  washed  with  water,  united  and  decomposed  with  hydrothion. 
The  hot  yellow  filtrate  is  evaporat^^d  and  allowed  to  stand,  when  it 
deposits  xanthine  in  crusts  and  gramdes;  the  urochrome,  on  the 
addition  of  alcohol »  deposits  moi-e  xanthine,  and  remains  almost 
entirely  in  solution*  The  xanthine  is  dissolved  in  nitric  acid, 
precipitated  hy  argentic  nitrate,  dissolved  in  a  little  more  nitric 
acid,  with  the  aid  of  heat,  and  filtered  from  any  argentic  chloride 
w^hich  may  be  present.  The  solution  is  now  treated  with 
ammonia  in  slight  excess,  and  the  xanthine  silver  oxyde  is  col- 
lected on  the  filter  and  washed.  Tt  is  next  dissolved  in  boiling 
strong  caustic  ammonia,  filtered,  and  the  clear  solution  is  boiled 
until  the  excess  of  ammonia  is  expelled,  and  the  xanthine 
oxyde  of  silver  compound  is  reprecipitated.  After  cooling,  the 
precipitate  is  collected  on  a  filter,  and  washed  with  water,  ulti- 
mately  dried  at  150^  In  that  state  it  contains  56-2  per  cent,  of 
metallic  silver.  It  is  dacompoeed  with  hydrothion,  and  the 
sidphide  is  extracted  with  hot  ammonia;  this  latter, on  evapora- 
tion, leaves  piire  xanthine. 

%  Strahl  and  Lieberklihn  proceeded  as  follows  : — ^More  than 
fifty  pounds  of  urine,  from  healthy  persons  of  between  20 
and  50  years  of  age,  were  evaporated  to  drynesa  The  residue 
was  extmcted  with  concentrated  solution  of  caustic  potash, 
which  left  earthy  salts  undissolved.  The  alkaline  dark  brown 
\  extract  was  treated  with  carbonic  acid  until  no  further  precipitate 
was  thereby  produced.  The  precipitate  was  collected  on  a  filter, 
and  exhausted  with  water.  Only  a  small  residue  remained  on 
the  filter,  the  alkaline  solution  of  which,  on  the  addition  of 
hydrochloric  acid,  immediately  deposited  fiakes  of  a  reddish-brown 
subetance.     This  was  repeatedly  dissolved  in  alkali,  and  repre- 
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cipitated  by  acid ;  an  exiMi  cf  acid  leluaed  it  in  solntioo.     It 
had  all  the  propertied  of  xanthinei    Th^se  authors  alao  obtained 
xanthine  from  urine  by  treating  it  with  caojBtic  lime,  and  boQing 
it  down  during  several  honia     ITie  filtrate,  when  exactly  neu- 
tralised with  hydrochloric  acid,  deposited  a  mixture  of  uric  acid  ^ 
and  xanthine,  from  which  the  latter  was  extracted  with  hydro- 
chloric acii     This  solution,  on  cTaporation  to  dryness,  left  a| 
greyiflb -white  residue,  which,  after  digestion  with  nitric  acid, 
yielded  a  yellow  reaction- 
N«  $,  The  urine  is  mLxed  with  milk  of  lime  untQ  strongly  alka- 
line, and  filtered.     The  filtrate  is  evaporated  to  half  its  bulk,  and  I 
while  hot,  is  treated  with  a  solution  of  acetate  of  copper,  until  a  J 
precipitate  ceaiaea  to  he  produced      The  precipitate   becomes} 
flaky,  and  assumes  a  light  brown  colour.    The  tluid,  which  has  I 
ebangsd  ita  alkaline  reaction  form  an  acid  one,  is  now  set  aside, 
aod  alter  the  precipitate  has  settled,  is  removed  by  the  syphon. 
Th#  pmnpitate  is  washed  several  times  with  water,  and  the 
litter  11  removed  by  the  syphon  ;  it  is  lastly  collected  on  a  filter,  I 
and  irailMfd  with  boiling  water  until  the  washings  begin  to  ge^  j 
ISfMd;  ami  if  the  precipitate  is  now  analysed,  it  is  found  to ' 
ecpfilaiu  xaotbioe<  copper,  lime,  and  unc  acid.    To  separate  these  | 
iNiliiiiaiices  the  precipitate  is  washed  from  the  filter  into  a  nar- 
ffilT'iiaelllNl  buttlep  and  suspended  in  a  large  amount  of  water. 
(f  f  drtitlttm  is  now  passed  through  it,  until  the  fluid,  after  shaking 
in  iim  ikimiarod  bottle,  smells  strongly  of  the  faydrothion.    The 
illl|pkidA  in  f^op{H?r  is  allowed  to  deposit  in  a  warm  place,  the 
iH^ifltAtelii  limiid  is  rt^moved  by  the  syphon,  the  precipitate  is 
ilifowii  tin  a  llltc^r  and  wasln*tl  with  water  containing  hydrothion, 
and  th4)  filiratoi  are  united  with  the  decanted  fluid    This  solu* 
Itim  in  the  cold  quickly  becomes  turbid,  and  deposits  needles  and 
erystalUue  masses.     It  is  cleared  up  by  wanning  it  on  the  saud^ 
bath  ;  and  a  solution  of  oxalic  acid  is  added  to  it,  until  it  ceases 
to  produce  a  precipitate,  and  the  fluid  has  assumed  a  strongly 
acid  reaction.   The  mixture  is  now  allowed  to  stand  on  the  sand- 
bath  for  twenty-four  hours,  and  stirred  frequently.     After  that 
time  all  uric  acid  is  deposited  in  crystals,  mixed  with  the  oxalate 
of  lime.    The  deposit  is  separated  by  filtration,  and  the  filtrate 
is  freed  from  oxalic  acid  by  treatment  with  carbonate  of  lime. 
When  the  boiling  fluid  shows  an  alkaline  reaction,  it  may  be 
filtered  and  evaporated  to  a  small  bulk.     On  cooling,  xanthine 
is  precipitated  in  the  form  of  a  light  amorphous  granular  mass, 
llie   mother -liquor,  which    is    very   brown,   is    separated  by 
nitration,    and  the    precipitate    on    the    filter    washed    with 
tHiM  water    until   almost   white,  and   until   the   washings  are 
atllte  colourlesa     What  remains  on   the  filter  is  pure  xan- 
ttl&e*      The    mother  -  liquor,    by    repeated    evaporation,    and 
Hiaoding,  deposits  the  greater  part  of  its  xanthine,  which  may  be 
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obtained  pure  like  the  first  portion.  The  xanthine  is  now  dis- 
solved in  a  large  quRottty  of  hot  water,  and  a  dilute  solution  of 
nitmte  of  silver  is  added  to  it  A  voluminous  greyish-white  pre- 
cipitate thereby  produced  is  a  compound  of  xanthine  and  nitrate 
of  silver.  The  tluid  must  be  stirred  and  kept  hot,  while  the  last 
portions  of  the  nitrate  necessary  for  the  complete  pi^eeipitation 
of  the  xanthme  are  added,  as  the  bulky  gelatinous  precipitate 
would  otherwise  inclose  niechanically  a  considerable  amount  of 
uncombined  nitrate,  which  it  would  be  difficult  to  remove  by 
washing.  The  precipitate  becomes  a  little  darker  by  boiling,  but 
it  is  not  blackened  like  the  precipitate  which  nitrate  of  silver 
pmduces  in  acid  urates.  When  the  precipitate  of  xanthine  and 
nitrate  of  silver  is  collected  on  a  filter,  it  must  be  washed  for  a 
h-ugth  of  time,  and  then  dried  over  sulphuric  acid  in  the  vacuum. 
When  dried  in  the  water-bath  some  silver  is  easily  reduced,  and 
the  precipitate  becomes  black.  During  the  process  of  drying,  the 
large  and  bulky  precipitate  shrinks  to  a  small  compass.  The 
bulky  wet  precipitate  may  be  removed  from  the  tilter,  and  flis- 
solved  in  concentrated  fuuiing  nitric  acid.  The  assistance  of 
heat  quickens  the  solution,  and  lessens  the  amount  of  acid  neces- 
sary.  The  dried  precipitate  may  be  dissolved  in  ordinary  nitric 
acid,  gently  wamieA  The  solution,  which  is  perfectly  clear  and 
somewhat  yellow,  on  cooling  and  standing,  deposits  groups  of 
needles  of  the  xanthine  and  niti-ate  of  silver  compound.  When 
they  are  left  in  the  acid  or  other  lii|Uor  for  some  time  they  re* 
semble  bundles  of  long  hair  emanating  in  curls  from  a  centre 
towards  all  directions.  This  compound  cannot  be  analysed  very 
easily,  as  it  loses  silver  and  nitric  acid  during  the  process  of 
washing.  It  has,  therefore,  to  be  decomposed,  and  the  xanthine 
has  to  be  obtained  and  analysed  in  the  free  state,  Tliis  is  best 
efiected  by  treating  the  washed  compound  with  ammonia,  which 
removes  nitric  acid,  and  dccomposiog  the  remaining  silver  xan- 
thine by  bydrothion.  The  filtrate  on  evaporation  yields  xanthine 
mixed  with  sulphur,  from  which  it  is  freed  by  solution  in  boiling 
concentrated  caustic  ammonia.  In  case  the  residue  is  yet  coloured 
brown  or  dark  yellow,  its  solution  in  boiling  concentrated 
liydrocliloric  acid  may  be  decolorist^d  by  animal  charcoal.  On 
repeated  evoportion  with  ammonia,  and  extraction  of  the  chloride 
of  ammonium  by  water,  pure,  almost  white  xanthine  is  obtained. 

The  mother-liquor  of  these  crystuls  contains  yet  much  xanthine* 
which  can  be  isolated  as  silver  compound  by  the  ammonia  process 
above  described,  or  the  same  as  that  Avhich  is  applied  to  the 
crystals, 

4,  Strecker  evaporated  urine  oversaturated  with  baryta  water, 
and  continued  the  evaporation  of  the  filtrate  until,  on  cooling, 
crystals  of  urea  and  chloride  of  sodium  formed,  which  were 
removed-    The  filtrate  was  treated  with  acetate  of  copper,  which, 
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on  boiling,  produced  a  dirty  brown  precipitate.  This  waa  col- 
lected on  a  filter,  washed  with  boiling  water,  dissolved  in  warm 
nitric  acid,  and  the  solutionp  after  addition  of  nitrate  of  silvefi 
was  allowed  to  cool  and  stand  for  some  time.  It  deposited 
compound  which  was  collected  on  a  filter,  washed,  and  rei1  '  1 
in  boiling  nitric  acid,  in  order  to  free  it  from  some  cLi  f 

silver.  The  filtrate,  on  cooling  again,  deposited  crjstals.  which 
were  freed  from  nitric  acid  by  digestion  with  ammonia,  diffused 
in  water,  and  decomposed  with  sulphuretted  hydrogen.  The 
substance  contained  in  the  filtrate  possessed  the  reaction  of 
xanthine,  and  contained  5  carbon  upon  4  niti-ogen. 

5.  In  my  later  examinations  1  bave  employed  the  following 
proceeding,  which  avoids  the  difficult  operations  with  lai^e] 
quantities  of  nitric  acid : — Treat  the  urine,  previously  freed  from 
uric  by  hydrochloric  acid,  with  milk  of  lime,  filter  and  precipitate 
with  acetate  of  copper  while  boOing  hot.  Dissolve  the  washed 
deposit  while  wet  in  little  nitric  acid  Filter  and  add  neutnd 
awtate  of  mercury  to  the  solution ;  separate  and  wash  the  yellow 
precipitdt*?,  and  decompose  it  sns]>ended  in  water  with  hydrothion, 
Kvaporate  the  filtrate.  To  yellowish-brown  dry  residue  add  a 
little  nitric  acid  and  warm  solution.  Evaporate  nitric  acid  on 
water-bath,  dilute  residue  witli  water  and  filter,  and  add  am- 
monia in  excess  to  filtrate.  White  granular  xanthine,  with  a 
yellowish  tinge  perhaps,  will  deposit  on  heating  on  the  sand- bath, 
to  be  separated  by  filtration,  washing,  and  drying. 

Mode  of  Obtaining  Xunthine  frmn  Calculi, — The  calculus  is 
dissolved  in  caustic  potash,  and  the  filtrate  precipitated  by  a 
current  of  carbonic  acid.  The  precipitate,  which  is  white  an>" 
pulverulent,  is  washed,  and  on  diying,  forms  into  hard  yellow- 
ish pieces,  which  become  wax -like  on  friction,  and  are  free 
from  potash. 

Mode  of  Obtaining  Xanthine  from  the  Human  Liver, — A  fresh 
liver  from  a  healthy  or  diseased  peraon  is  minced  and  extracted 
with  repeated  quantitiea  of  boiling  water»  The  extracts,  after 
being  united  and  filtered,  are  treated  with  a  solution  of  acetate 
of  lead,  so  long  as  a  precipitate  is  thereby  produced.  A  slight 
excess  of  the  acetate  is  not  Imrtful  If  the  mixtui'C  does  not 
clear  uj),  and  the  deposit  is  slow  in  settling,  it  is  well  to  keep  it 
on  a  sand-bath  over  night  at  a  moderate  temperatiire(37*'  C).  The 
filtmte  is  freed  from  lead  by  hydrothion,  the  sulphide  of  lead 
removing  much  colouring  matter.  The  filtrate  from  this,  a  pale 
yellow-coloured  fluid,  is  heated  to  ebullition  to  remove  the 
hydrothion,  and  then  evaporated  to  a  thin  syrup.  This  brown 
strongly  acid  extract,  on  standing  for  a  fortnight,  will  generally 
be  found  to  deposit  on  its  surface  a  network  of  minute  cr>^stals, 
which,  under  the  microscope,  ai^  of  a  triangular  shape,  with  the 
three  angles  cut  off  by  short  secondary  edges,  in  other  words, 
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hexi^ns,  with  three  long  and  three  short  sides.  The  crystals 
sometimes  appear  tetrahedriil,  but  their  small  size  makes  it 
difficailt  to  ascertain  their  shape,  even  with  a  quarter-inch  object 
glass.  The  greater  part  of  the  deposit,  in  a  fjulvendent  form» 
is  found  covering  the  bottom  of  the  disk  The  mother-liquor, 
after  removal  by  means  of  a  spatula  of  the  surlace  crust,  is 
decanted,  the  last  portion  with  the  defK)sit,  however,  being 
placed  on  a  filter.  Fi-evious  dilution  with  some  water  makes 
filtration  easier.  The  deposit  on  the  iilter  is  washed  with  water 
until  the  water  runs  off  pure. 

The  substance  now  left  on  the  filter  is  dissolved  by  caustic 
ammonia,  cautiously  added.  The  alkaline  dark,  but  clear  hi- 
tmte,  is  dried  on  the  water^bath,  when  a  lamellated  yellowish 
subBtance  remains.  On  spontaneous  evaporation  of  this  solution, 
some  almost  white  thin  crusts  raay  be  repeatedly  removed  from 
the  suriace  of  the  solution.  The  residue  is  next  dissolved  in 
caustic  potash,  and  precipitated  from  this  solution  by  a  current 
of  carbonic  acid  gas.  The  precipitate,  after  filtering,  washiuff, 
and  drying,  is  a  yellowish,  reddiah-white  mass,  which  has  the 
reactions  of  xanthine. 

Mod^  of  Extracting  JTanthine  from  Horse  Flesh, — The  flesh  is 
minced  and  placed  in  boiling  water  for  a  short  time;  it  is  then 
quickly  withdrawn  by  a  strainer;  the  broth  is  treated  with 
baryta  in  the  same  manner  as  is  directed  for  the  preparation  of 
kreatine,  and  is  evaporated.  Mixed  with  the  cr^^atals  of  Krea- 
tine  is  found  a  pulverulent  deposit  of  xanthine.  The  mother- 
liquor  is  dissolved  in  water,  and,  -while  boiling  hot,  is  treated 
with  acetate  of  copper.  The  precipitate,  treated  with  nitric 
acid  and  nitrate  of  silver,  or  with  hydrothion,  in  the  manner 
described  for  the  precipitates  from  urine,  yields  much  hypo- 
xauthine,  and  little  xanthina 

Transformatwn  of  Guanine  into  Xanihint, — Guanine  is  dis- 
Bolved  in  boiling  nitric  acid  of  115  to  1*20  spec,  gravity.  Small 
pieces  of  nitrite  of  potash  are  then  successively  thrown  into  the 
solution  until  a  strong  evolution  of  vapours  occurs.  The  solu- 
tion is  then  poured  into  cold  water,  and  the  lemon-yellow  flakes 
which  are  thereby  precipitated  are  w^ashed,  until  the  water  which 
flows  ofi'  does  not  any  longer  present  an  acid  reaction.  The  sub- 
Btance is  purified  by  solution  in  boiling  water.  From  the  first 
acid  mother-liquor  much  yellow  substance  may  yet  be  obtained 
by  evaporation  and  partial  neutralisation  with  carbonate  of 
potash.  This  yellow  product  is  a  mixture  of  xanthine  and  a 
yellow  nitro-compound  much  resembling  xanthine,  perhaps 
xanthine  in  which  hydrogen  is  replaced  by  nitrous  acid-  Its 
I  exact  formida  has  not  yet  been  determined*  It  can  be  trans- 
I  formed  into  xanthine  by  the  following  process  \ — The  yellow 
I         flakes  are  dissolved  in  boiling  caustic  ammonia.    To  the  dark 
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I  ii  added  m  solution  of  fenoos  sulphate,  until  ^oa 
oC  kydrmtod  oxyde  of  iron  which  falls  at   first  iA 
bj  m  deponit  of   bkck  anboxyde.     The  solntioo^ 
t  jret  contain  much   free  ammonia,  is  filtered  o(r»  j 
to  diyiieaa  on  the  water-bath,  and  the  enlphate  of 

it  extncled  by  water.    The  residne  is  again  diaeolTed 

so  boffio^  mammm,  and  tlie  solution  again  evaporated,  when  pore 

Tba  melUMrphocia  of  guanine  into  xanthine,  leaving  the 
tntemediaAe  prodncta  ont  of  the  qaedtion^  is  represented  by  the 
Mlommg  fonnnla  s — 

2(Cjr,N,0)  +  0,  =  2(C,H,N,0,)  +  H,0  +  N, . 

Tmmformaium  of  ByposDanihin^  into  Xanthine. — When  hypo- 
xanthina  is  evaporated  with  nitric  acid  over  the  free  fire,  or 
tfiatiid  with  fnmin^  nitric  acid,  a  yellow  residue  remains  on 
evaporation,  which  forms  a  neddish-yellow  solution  with  canalio  . 
potash.  On  evaporation,  it  becomes  violet-red  at  the  maigtns^i 
afterwards  throughout  of  the  game  colour,  and  ultimately  leaves 
a  dark  purple  residue,  which  dissolves  in  water  with  a  yellowish-* 
red  colour.  This  solution  liecriiues  colourless  on  addition  of  a 
solution  of  ferrous  sulphate^  and  from  the  colourless  tiltrate  acetic 
acid  precipitates  a  body  which  has  all  the  properties  of  xanthine. 

PhifMiml  rropertiejt, — Xanthine  mcmtly  appears  in  amorphous 
rouodish  granules,  which,  when  dry,  form  a  white  or  yellowish 
powder,  and  on  friction  with  the  nail  assume  the  glistening 
appearance  of  wax. 

Sdvhiliiy  in  Water. — Xanthine  obtained  by  evaporation  of] 
an  ammooiaeal  solution,  on  boiling  with  water,  dissolves  to  some 
extent.  The  saturated  boiling  solution  contains  1  part  of  xan- 
thine in  1310,  1380  (Streckcr),  1178  (Stjideler),  1148  to  1166 
(Scherer)  of  water.  But  when  xanthine  is  precipitated  from  its 
solutioQ  in  alkalies,  it  at  first  yields  one  part  to  39ti  parts  of 
boiling  water;  on  a  second  extraction,  1  part  of  xanthine  ia 
found  dissolved  in  570  parts  of  boiliog  water.  This  latter  solu- 
tion, on  cooling,  deposits  flakes,  and  at  lO^'C.  contains  1  part  of 
xanthine  in  2110  parts  of  water.  Scherer  in  several  exfjerimenta 
found  1  part  of  xanthine  dissolved  in  1650,  2901,  9488,  and 
2405  parts  of  wat^r.  8Uideler  in  one  experiment  found  1  part 
of  xanthioe  disisulved  in  13,333  parts  of  water  at  40'  C, 

From  this  it  is  clear  that  xanthine  offers  varying  degrees 
of  solubility,  which  may  be  caused  by  adhesion  of  foreign 
matters,  condauaation  by  heat,  and  other  causes.  It  readily 
dissolves  in  alkalies,  such  as  ammonia  or  potash,  but  does  not 
dissolve  so  easily  in  hydrochloric,  concentrated  nitric,  and  sul- 
phuric adds*  When  a  solution  of  the  substance  in  caustic 
potash  is  exposed  to  the  air  for  some  length  of  time,  distinct 
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crystalline  scales  of  tlie  substance  besides  bicarbonate  of  potash 
are  deposited. 

The  air-dry  substance  decreases  little  in  weight  at  a  tempera- 
ture of  100,  and  after  that  uii<ler<^foes  no  change  by  heating  to 
15<r.  When  the  heat  is  increased  it  blackens,  and  without 
fusing,  gives,  particularly  when  heated  in  an  inclined  glass 
tube  opeu  at  both  ends,  a  sublimate  consisting  partly  of  car- 
bonate of  ammonia,  and  partly  of  white  unchanged  xanthine,  and 
evolves  the  odour  of  cyanogen  and  prussic  acid.  There  always 
remains  a  carbonaceous  residue.  A  water)'  solution  of  xanthine 
saturated  in  the  colt]  gives  a  white  precipitate  with  corrosive 
sublimate,  but  no  precipitate  with  acetate  of  copper  at  the 
ordinary  temperature;  on  Ixiiling,  however,  a  yellowish-green 
Haky  precipitate  is  produced  by  this  reagent  Nitrate  of  silver 
causes  a  gelatinous  precipitate,  which  is  little  soluble  or  insoluble 
in  dilute  ammonia,  but  easily  soluble  in  dilute  nitric  acid,  with 
the  assistance  of  a  gentle  heat ;  on  cooUng,  the  greater  part  of 
the  xanthine  compound  is  tigain  dejxjsited.  The  solution  of 
xanthine  in  ammonia  gives  white  precipitates  witli  the  ani- 
moniacal  solutions  of  the  chlorides  of  cadmium  and  zinc,  which 
are  soluble  in  a  great  excess  of  ammonia*  Acetate  of  lead  pro- 
duces white  Hakes,  which,  on  standing,  are  frequently  trans- 
formed into  glistening  crystalline  scales. 

Contpoutufs. — Although  the  basic  properties  of  xanthine  are  nut 
80  marked  as  those  of  guanine  and  hypoxanthine,  yet  it  forms  com- 
puunds  which  have  much  sinn'larity  with  those  of  the  latter  bodies. 

Snlj^hak  (CgH^N^O^-l-SO^HjO  +  aq,)  is  produced  by  dissol- 
ving moist  xanthine  in  warm,  not  exactly  concentrated,  sulphuric 
acid,  and  crystallises  in  rhombic  plates  of  the  lustre  of  mother 
of  pearl,  which,  by  wasliing  with  water,  lose  their  transparency, 
and  leave  pure  xanthine  in  the  original  form  of  the  crystals. 

Mitrak. — On  dissolving  xanthine  in  moderately  concentrated 
nitric  acid,  with  the  assistance  of  a  gentle  heat,  no  gas  is 
evolved,  and  on  cooling  or  evaporating  the  fluid  yellow  hemi- 
spherical or  wart-like  masses  are  deposited,  which  consist  of 
very  delicate  crystals,  and  dissoK^e  in  potash  without  any  very 
decided  coloration.  But  when  a  nitric  acid  solution  of  xan^ 
thine  is  concentrated  by  boiUng  and  dried,  a  lemon-yellow 
residue  remains,  which  dissolves  in  potash  with  a  yellowish -red 
colour,  and  on  application  of  heat  becomes  violet-red.  The 
lemon-yellow  residue  must  not  be  overheated,  as  it  easily  and 
rapidly  carbonises. 

Hi/droMQtmtc  (C^H^N  JOg+HCl). — Xanthine  dissolves  easily  in 
concentrated  boiling  hydrochloric  acid ;  on  cooling  of  the  solu- 
tion globules  or  wart-like  masses  are  deposited,  w4iich  consist  of 
delicate,  rhombohedrical  pointed  scales,  frequently  interwoven, 
end  of  a  silky  iustre.    When  a  concentmted  solution  is  ©vapot 
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rated  on  the  water-luUli,  a  cn^stalliue  pellicle  is  fonned.  llie 
aalt  is  soluble  in  153  parts  of  the  uiother-liqiior ;  it  ia  little  or 
slowly  soluble  in  boiling'  water.  It  forms  a  double  aalt  with 
platinic  cliloride,  wbicli  has  not  yet  been  analysei 

Xanthine-Amnwnia. — When  xanthine  is  dissolved  in  coucen- 
trated  wann  ammonia,  and  allowed  to  stand  in  a  stoppered  bottlt-. 
a  crystallised  compound  of  the  two  bodies  is  obtained.  From  its 
solution  in  caustic  potash  the  greater  part  of  the  xanthine  ia 
precipitated  by  acetic  or  carbooic  acid  in  the  form  of  flakes. 

JCam^ine-Baryta  (C^H^N/).  +  BaOH/)).  —  Boiling  baryta 
water  dissolves  a  little  xanthine,  and  forms  a  compound. 

Xanikineand  Oxkk  of  Silver  (CsH^N^Og  +  Ag^O). — Nitrate  of 
silver  produces  a  precipitate  in  an  ammoniacal  solution  of  xan- 
thine, which,  after  drying,  has  the  fore*^oing  composition. 

Xantliuic  ami  Kitrate  of  Silver, — The  addition  of  nitrate  of 
silver  to  a  solution  of  xanthine  in  dihite  nitric  acid  produces  a 
flaky  precipitat43,  which  dissolves  on  boiling,  and  reappears  on 
cooling — the  slower,  the  more  free  acid  is  present.  In  case  the 
'  precipitates  ensue  quickly,  they  consist  of  membmnous  masses 
of  hair-like  confused  crystals.  By  slower  crystallisation  radiary 
groups  of  fine  needles  are  obtained  This  compound,  by  washing 
with  water,  loses  nitric  acid  and  oxyde  of  silver, — more  of  the 
latter  than  of  the  former, — and  therein  diflers  from  the  analogous 
compound  of  hypoxanthine,  which  is  not  decomposed  by  water, 
much  less  solul^le  in  boiling  ililute  nitric  acid,  and  much  quicker 
deposited  from  this  solution. 

Qaantiiij  of  Xanthine  Excreted  in  Twcntif-Faur  Rotirs, — The 
urine  of  a  patient  suflering  from  disease  of  the  kidneys  with 
albuminous  urine,  granular  caHts,  and  ura?mic  sjinptoms,  was 
examined  on  three  successive  days.  The  urine  of  twenty-four 
hours  was  freed  from  albumen  by  boiling,  from  uric  acid  by 
hydrochloric  acid,  from  phospiiat^s  by  excess  of  caustic  lime. 
It  was  next  boiled  and  treated  with  acetat'e  of  copper.  The 
precipitate  was  dissolved  in  nitric  acid,  and  the  precipitate  pro- 
duced in  this  solution  by  acetate  of  mercury  was  decomposed  by 
hydrothion,  and  the  xanthine  obtained  purified,  as  described 
above.     The  following  quantities  were  obtained : — 

Qiinntity  of  Urine  in  Twenty-Four  Hours. 

Ist  day,  .         .     \5im  c.c 

2d     „     .        .     2020    ^         .         .         1  12      „ 

3d     „     .         .     1750    „         .         .         0-98      „ 

Neubauer  obtained  unly  one  gramme  of  xim thine  from  about  600 
pounds  of  urine,  frum  which  kreatmine  had  previously  been 
precipitated.  He  prx»bably  separated  only  about  one-tenth  of 
the  xanthine  originally  contained  in  this  large  amount  of  urine. 
.He  advises  not  to  search  for  xanthine  in  less  than  one  or  two 


Xanthiti^  in 

0*84  grains. 
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bundred weights  of  urine.  One  day'a  healthy  urine  is,  howevei-, 
quite  sufficient  to  obtaio  a  quantity  of  xanthine  which  will 
eutfice  to  give  all  its  proiuiuent  reactions, 

JLanlkinc  CalculL — Urinary  calculi  consisting  of  xanthine  are 
li^'ht  or  dark  yellowish -brown  in  colour,  of  even  surface,  hard  in 
substance,  of  the  hardness  of  the  ordinary  uric  acid  calculi,  con- 
structed of  concentric  kyei-s  without  fibrous  orciystalline  texture. 
On  friction,  the  calculi  assume  the  glistening  appearance  of  w^ax. 
The  calculi  examined  by  Marcet  were  given  to  him  by  Dr.  Babing- 
ton,  who  had  obtained  them  from  a  patient  of  his.  When,  sub- 
sequent to  the  discovery  of  the  peculiarity  of  these  calculi.  Dr. 
Marcet  made  inquiry  of  Dr*  Babiiigton,  this  physician  had  lost 
all  recollection  of  the  case  and  sight  of  the  patient  Langenbeck 
in  1816  performed  lithotomy  upon  a  Hanoverian  peasant  boy, 
eight  years  ohl  The  calculus  was  oval,  but  tluttened,  and  of  the 
size  of  a  small  hen  a  egg.  It  broke  in  three  pieces  on  removal. 
The  peculiar  appearance  caused  Langenbeck  to  give  the  calculus 
to  Stromeyer^  the  then  professor  of  chemistry,  for  chemical 
examination,  who,  from  its  chemical  reactions,  distinctly  declared 
this  calculus  to  be  composed  of  Marcet's  xantbic  oxyde.  Stro* 
meyer  never  published  anything  on  this  su1>ject,  but  alluded  to 
it  in  his  lectui'es  on  animal  chemiatiy.  The  history  of  the  boy, 
as  contained  in  the  Joiu-nal  of  the  hospital  at  Oottingen  of  the 
year  1816,  contains  no  data  relative  to  the  illness  of  the  boy, 
during  which  the  concretion  was  produced.  The  boy  waa  dis- 
missed cured  four  weeks  after  the  operation ;  and,  according  to 
later  inquiries,  no  symptoms  of  a  renewed  formation  of  calculus 
occurred  to  him. 

It  was  upon  the  substance  from  this  calculus  that  Liebig  and 
Wohler  perfonned  their  analysis  of  uric  oxyde.  Pieces  of  the 
same  calculus  have  latterly  been  analysed  by  Strecker,  Scherer, 
and  Stadeler;  and  their  reactioaa  have  been  found  by  these 
chemists  to  accord  with  the  reactions  of  the  xanthine  obtained 
by  them  fmtu  various  parts  of  the  human  and  animal  economy, 
and  artificially  from  guanine  and  hypoxanthine.  A  piece  of 
this  historical  calculus  is  contained  in  the  Museum  of  the  Royal 
College  of  Burgeons,  London. 

Laugier's  Cam, — Mr.  L.  had  a  disorder  of  the  bladder,  and  had 
passed  several  small  calcidi.  Some  of  them  were  given  to  M, 
Laugier  by  Dr.  Laugier,  under  whose  care  the  patient  was.  Tlie 
largest  calculus  of  three  only  weighed  one  centigramme  (015 
grains).  The  colour  of  the  concretions  was  deep  yellow,  their 
form  was  spherical,  and  their  surface  seemed  to  indicate  that 
they  were  uric  acid.  One  of  the  calculi  dissolved  readily  in 
caustic  potash,  without  evolution  of  ammonia ;  but  the  addition 
of  hydrochloric  acid  caused  no  precipitate  in  the  fluid,  An 
excess  of  ammonia  produced  no  change  in  tliis  solution.    Tlja 
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powder  of  the  second  calculus  easily  dissolved  in  concentrated 
nitric  acid.  T!ie  golutiou  on  evaporation  left  a  citron-yelluw 
residue,  whicli  dissolved  in  water  with  the  same  colour,  and 
which,  on  repeated  evaporation  with  nitric  acid,  always  reappeared 
again,  rutash,  when  added  to  the  yellow  miiss,  coloured  it  red 
on  warming,  and  the  intensity  of  the  red  colour  increaf^ed  by 
evaporation.  This  red  coIout,  however,  was  transformed  into 
yellow  by  Rolution  in  water.  These  reactions  are  in  accordance 
with  those  described  by  Marcet 

Oumiml  Rdatmis  of  Xanthine. — ^The  composition  of  xanthine 
is  60  similar  to  that  of  uric  acid  that  it  was  termed  uric  oxyde-  It 
cont^iius  an  atom  of  oxygen  less  than  this  acid,  and,  on  the  other 
hand,  an  atom  of  oxygen  more  than  hypoxanthine.  It  is,  there- 
fore»  by  many  cousidei-ed  as  the  middle  term  of  a  series  of  three 
bodies  which  stand  in  a  genetic  relation  to  each  other,  namely, 
hypoxanthine,  C\H^N/) ;  xanthine,  Cj^H^N^O^;  and  nric  acid, 
C^Il^N^O,.  That  hyijoxanlhioe  satisfies  the  demands  for 
proofs  of  this  relationship,  by  admitting  of  its  metamorphosis 
into  xanthine,  we  have  already  seen.  But  xanthine  has  not  yet 
been  transfurmed  into  uric  acid,  nor  \uto  any  of  the  proximate 
products  of  the  decomposition  of  nric  aeid;  and  the  direct 
relationship  of  uric  acid  tg  the  series  would  thus  be  uncertain, 
but  for  the  statement  of  Rheineck  that  uric  acid  could,  by  the 
reducing  effect  of  a  very  dilute  soilium  amalgam,  be  meta- 
niorpliosed  into  xaothinL%  and  the  latter,  by  the  same  agency, 
into  hypoxanthine.  But  all  tlie  bodies  of  this  group,  including 
also  guatiiue,  as  an  amidaled  hypoxanthine,  whfj'n  treated  with 
oxydising  agents,  yield  a  somewhat  remote  pmduct  of  decom- 
position, which  shows  that  they  all  have  at  least  two  radicals 
in  common ;  and  this  product  is  parabanic  acid,  CgH^N^O^. 
This  latter  contains  the  radicals  of  oxalic  acid  and  urea,  into 
which  it  can  be  transformed  in  two  stages ;  in  the  first  stage  it 
takes  up  a  molecule  of  water,  and  becomes  oxaluric  acid, 
CgH^Nyj^.  and  this  again  takes  up  a  molecule  of  water,  and  then 
splits  up  into  oxalic  acid,  C^HgO^,  and  urea,  CH^NgO.  All 
the  bodies  yielding  parabanic  acid  would  therefore  yield,  by 
appropriate  treatment,  oxalic  acid  and  nrea,  or  their  decomposi- 
tion products,  carbonic  acid  and  ammonia.  But  in  the  case  of 
nric  acid,  the  formation  of  parabanic  acid  is  known  to  be  pre- 
ceded by  that  of  alloxan,  urea  being  split  off  at  the  same  time^ 

^^fiH.N.O^  +  H3O  -h  O  =  C,H,X,0,  +  CH.N^O. 

Alloxan  is  then  transformed  into  parabanic  acid  by  oxydation 
and  loss  of  carbonic  anhydride — 

In  the  oxydation  of  xan thine  and  hypoxanthine,  the  form  of 
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alloxan  has  not  yet  teen  observed  ;  their  radicals  ninat  therefore 
be  arranged  somewhat  differently.  In  the  case  of  uric  acid,  the 
nitrogen  leaves  in  two  stages  as  nrea,  and  in  that  form  only— 


The  carbon 


as  urea,  carbonic  acid 


and  oxalic  acid, 


C5 


K, 


so  that  for  the  entire  transformation  of 


a  molecule  of  uric  acid  into  these  final  products,  H^  and  O^  are 
required,  or  3H2O  and  20»  Xanthine  would  require  one  atom, 
hj^oxanthine  two  atoms  of  oxygen  more,  to  yield  the  same 
products  as  uric  acid  From  some  reactions  it  is  probable  that 
xanthine  contains  the  radicals  cyanogen,  glycolyl,  carboxyl,  and 
hydrogen;  as  an  alkaloid,  it  may  be  a  simple  or  a  double 
ammonium  comfwund.  These  possibilities  have  been  expressed 
iu  two  diQerent  constitutional  formulfle — 

I,  2. 

CK       (n  CO 

ail,  ofo  c'H,  0 

11;   )  h;   ) 

These  two  formulae  stand  in  the  same  relntion  to  each  other  as 
the  two  formulcB  by  which  cyanic  acid  can  be  expr^sed — 

jj  JO  or  jj   |N 
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Lieb'ig  and  Wolilef  determined  the  quiinUty  of  nitrogen  by  the  proportion 
of  ila  voluiDe  to  that  of  the  carboHic  acid,  13  tubes  coDtaining  629'5  ac.  of 
mixture,  lost  461*6  of  carbonic  acid  when  treated  with  caustic  potuahf  and 
left  17S  of  nitrogen,  giving  the  proportion  of  IN  to  253  of  COj,  or4N  to 
6C.  Two  errora  in  the  original  accounts  of  their  analyses  already  corrected 
by  Einbrodt  ("Ann.  Chem,*'  68,  15;  and  Unger»  ihid.  68,  18),  are  clearly 
misprints,  the  quantity  of  uric  oxyde  taken  for  combustion  is  stated  to  have 
been  0'2215  gruL  instead  of  0*4167  grm.,  as  calculated  from  their  results,  and 
the  proportion  of  gases  in  the  mixture  is  IN  to  l2'53COj,  and  not  I.5CO2  as 
stated.  Unger  repeated  the  analyses  upon  a  part  of  the  same  calculus,  and 
found  the  carbon  to  stand  to  nitrogen  in  the  proportion  of  &  to  4. 
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CHAPTER  VL 
HYPOXANTHIXE,  C^H^N^O. 


mSTOBT  Aim  LITEBATUBE. 

Ukder  this  Dame  Scherer  ("  Ann.  Chem/'  73  (1850),  328)  de- 
ecribed  a  substance  which,  though  similar  to  xanthine  in  properties 
diftbred  from  it  in  elementary  composition  by  containing  leas 
oxygen.  He  found  it  in  the  human  spleen  in  individuals  of 
all  ages,  and  Gerliaidt  ("  Wtirzb.  Verhandl"  2,  299)  found  it 
in  the  blood  of  the  ox.  Scherer  (ibid.  321)  also  discovered  its 
presence  in  human  blood  in  leukocythaemia.  together  with  uric, 
lactic,  and  formic  acids,  and  leucine.  Although  he  correctly 
determined  its  elementary  compogition,  the  reactions  described 
by  him  evidently  belonged  to  a  mixture  of  xanthine  and 
h3rpoxanthine*  Subsequently  Strecker  (**Ann*  Chem."  102 
(1857),  208,  and  **  Chem.  Soc  Journ.^  10  (1858),  121,  and 
again  *'Ann,  Chem."  108  (1858),  129)  described  a  base  from 
the  extract  of  flesh,  which  he  named  mrkiney  and  found  to  agi-ee 
in  composition  with  bypoxaothine,  but  to  differ  in  reactious. 
Scherer  (**  Ann.  Chem/'  112  (1860),  257)  theieupoo  proved  the 
identity  of  sarkine  and  hypuxan thine,  and  explained  the  discre- 
pancies between  the  reactions  of  his  earlier  hypoxanthine  and 
that  now  admitted  as  pure,  as  having  been  caused  by  an  admix- 
ture of  xanthine.  Hypoxanthine  occurs  normally  in  the  brain  of 
man  and  the  ox  in  considerable  quantity,  and  is  probably  ncjt 
acx^ompanied  in  this  organ  with  either  uric  acid  or  xanthine. 
The  liver,  kidneys,  thynms,  and  thyroid  glands  also  contain  a 
body  much  resembling  hypoxanthine.  It  does  not  seem  to  occur 
in  the  human  urine  in  health,  but  is  excreted  in  pathological 
conditions,  such  as  leukocythaemia,  diseases  of  the  liver,  diseases 
of  the  kidneys,  particularly  albuminuria,  with  the  large  fatty 
kidney,  and  in  obscure  afiections  to  be  cited  below. 

Mode  of  Obtaining  it  Pure, — It  is  sometimes  present  in  the  mus- 
cttlar  substance  of  the  heart  of  the  ox  in  such  quantities  that  it 
is  deposited  from  a  boiling  watery  extract  on  concentration  and 
cooling.  From  watery  extracts  of  the  brain  it  is  also  regularly 
deposited  on  concentration  and  cooling.  But,  as  a  rule,  its  solu- 
bility in  extracts  is  so  great  that  special  precipitants  are  required 
for  its  isolation.     Such  are  all  specific  jirecipitants  of  organic 
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alkaloids, namely  pliosphomoly belie  acid,  mercuric  chloride^taiiDfc 
acid,  and  also  argentic  nitrate,  niereuric  nitrate,  ammomc  zinc 
chloride,  and  ciipric  acetate.  From  brain  extracts  it  is  also  con- 
veniently separated  by  auric  cldoride. 

Tlie  most  advantageous  method  of  preparing  hypo  xanthine  i 
f  mm  extract  of  flesh  is  by  precipitation  with  cupric  acetate.  The 
diluted  watery  extract,  for  which  the  motJier-Iii|Uor  from  kreatiiie 
preparation  may  conveniently  be  used,  is  heated  to  boiling  and 
mixed  with  a  dilute  solution  of  the  copper  salt  The  copious 
pi'ecipitate  thus  produced  is  decomposed  by  hydi*othion,  when  the 
base  remains  in  solution.  To  remove  colouring  matter  the  solu- 
tion is  boiled  with  hydrated  lead  oxyde,  which  idso  takes  up  a 
small  quantity  of  hypoxan thine.  The  filtrate  from  the  lead  ia 
heated  with  hydrothion,  and  after  filtration  evaporated,  when 
hypoxantbine  is  obtoioed  in  a  cr)^sta!]iue  foniu  That  portion 
of  hypoxanthine  which  remains  in  combination  wvith  the  oxyde 
of  lead  employed  for  puritieation  may  be  reeovered  by  decompo* 
sition  of  the  residue  with  hydn.>thinn,  and  extraction  of  the  lead 
sulphide  with  ammonia.  By  caR^fulIy  extracting  with  water  one 
pound  of  raw^  beef,  precipitatinf^  the  extract  with  baryta  water, 
evaporaiing  the  fluid,  and  precipitating  it  with  a  solution  of 
silver  nitrate  in  excess  of  ammonia,  Strecker  obtained  one  cen- 
tigramme, indicating  the  presence  of  2 '22  parts  of  hypoxantbine 
in  ten  thousand  parts  of  flesh. 

From  all  kind^  of  animal  extracts  and  fluids  hypoxantbine  can 
conveniently  be  removed  by  the  following  pmcess: — The  extract 
is  stmngly  aciditied  with  sulphuric  and  some  nitric  acid,  and  is 
then  mLxed  wnth  a  solution  of  phosphomolybdatc  of  soda,  acidi- 
fied with  nitric  acid,  as  long  as  a  precipitate  is  thereby  produced. 
The  precipitiite  is  washed  with  water  containing  snme  free  aid- 
phuric  acid.  It  is  then  decomposed  with  a  suibciency  of  bar>'ta 
water,  added  at  first  in  slight  excess,  and,  after  digestion  in  the 
water-bath,  neutralised  by  carbonic  acid.  The  solution  filtered 
hot,  on  boiling,  deposits  at  first  some  bnryuni  carbonate,  but  on 
concentration  deposits  the  isolated  alkaloids,  amongst  them  h)^po- 
xanthine  in  scales,  and,  on  standing,  in  hard  crusts  and  masses. 
It  is  best  to  treat  tlje  entire  solution  with  some  nitric  acid,  and 
then  with  silver  nitrate,  to  wash  the  precipitate  slightly,  and 
then  to  dissolve  it  in  l»oiliug  dilute  nitric  acid,  and  filter  on  the 
Bteam-funnel,  Tlie  solution  almost  immediately  deposits  the 
cryatolliBed  white  compound  of  hy]30xan thine  and  silver  nitrate. 
All  other  alkaloids,  whether  precipitated  by  silver  nitrate  or  not, 
remain  in  the  nitric  acid  mother-liquors,  and  can  be  recovered  by 
the  phosphomolybdic  process  after  removal  of  the  silver  by 
bydiichloric  acia  Caraine,  or  acetyle-hypoxanthine,  is  insoluble 
in  nitric  acid,  and,  if  present,  w^ould  therefoa'^  remain  with  the 
silver  chloride  on  the  liller. 
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From  the  watery  extracts  of  the  human  brain  hypoxanthine  is 
most  conveniently  precipitated  by  gold  chlorida  The  precipitate 
13  decomposed  by  hydrothion,  and  filtered  hot  It  is  evaporated  to 
a  small  bidk,  and  before  the  hyjioxaii thine  hydrochlorate  crystal- 
lises, is  ti-eated  with  caustic  ammonia  until  alkaline,  and  again 
heatt^d  to  drive  oft  any-  excess  of  ammonia.  On  cooling  and 
standing,  hypoxanthine  crystallises  out.  Tins  is  collected  on  a 
filter,  rediasolved  in  boiling  water,  treated  with  some  animal 
charcoal,  and  again  obtained  white  on  cooling.  To  ensure  its 
purity  it  is  passed  through  the  silver  process  above  described. 
The  silver  is  then  removed  by  hydrothion,  and  the  solution  of 
the  nitrate  again  treated  with  ammonia,  when,  after  several 
reciystallisations,  pure  white  hypoxanthine  is  obtained. 

Physical  ami  Chemical  Characters. — From  it«  wann  saturated 
solution  hjrpoxanthine,  on  cooling,  is  deposited  in  white  flakes 
and  crusts,  consisting  of  masses  of  needle-like  crystals ;  when 
a  dilute  solution  of  hypoxanthine  is  evaporated  slowly,  the  sul>- 
stance  adheres  to  the  sides  of  the  vesael  as  a  dense  crust;  w^hen 
evaporated  (|uickly,  desquamating  scales  are  left  behind.  It  is 
soluble  in  300  parts  of  water  of  15"' ;  and  in  78  parts  of  boding 
water;  it  requires  900  parts  of  boiling  aluohol  for  solution.  The 
solutions  do  not  change  the  colour  of  litmus  paper>  and  exhibit  no 
very  characteristic  taste.  In  hydrochloric  acid,  ammonia,  and 
potash,  hypoxau thine  dissolves  much  more  readily  than  in  cold 
water ;  less  readily  in  dilute  nitric  and  sulphuric  acid.  It  is 
very  soluble  in  concentrated  nitric  and  sulphuric  acid,  without 
discoloration  or  evolution  of  gas.  Caustic  alkalies,  including 
baryta,  dissolve  hypoxanthine;  from  the  solution  in  caustic 
potash  or  aoda,  the  greater  part  of  the  hypoxanthine  is 
precipitated  by  a  curreoit  of  carbonic  acid  gas  ;  from  the  solu- 
tions in  the  fixed  alkalies,  and  in  ammonia  and  baryta,  it  is  also 
precipitated  by  a  little  hydrochloric,  or  by  an  excess  of  acetic 
aciiL  H>7*oxanthine  is  consequently  an  organic  alkaloid  of  a 
very  pronounced  character*  Of  its  chemical  cleavage,  nothing 
is  known  as  yet,  but  its  relations  to  xanthine  are  not  only 
foreshadowed  by  its  similarity  to  it  in  geneiul  properties,  but 
esUiblislied  by  its  actual  transformation  into  that  body.  Hypo- 
xantliine  is  heated  with  fuming  nitric  acid,  and  the  solution 
evapomted  to  dryness.  The  residue  is  mainly  nitrate  of  nitro- 
xan thine.  Reduction  by  means  of  ferrous  sulphate  in  ammonia 
solution  removes  the  nitro-nucleus,  and  the  solution  yields 
xanthine — 

2(C,H,N,0 -I- 2(N0 J  +  30  - 2CC,H3(NO^N,0^  h- H,0,  and 

C^H^CNO  jNA + 5H  =  C5H,N^02+ 2H,0  +  N. 

The  reaction  is  therefore  similar  to  that  by  which  guanine 
is  transformed  into  xanthine.      In  the  case  of  hypoxautbitie. 
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The  elementary  ooinpoaition  of  xanthine,  C^H^N^O,,  has  8Qg*j 
the  idea  that  it  m%ht  be  a  compoand  of  uric  acid  aod 

bol  by  mixing  a  aolntion  of  hydrocUoimte  of  hypoxanthine  with 
tirala  of  soda,  not  xanthine  but  an  isomeric  compound,  urate  of 
hypoxanthine  it  obtained,  which,  under  the  influence  of  adds, 
teparatea  ioto  itd  original  constituents. 

Campcunds, — The  watery  solution  of  hypoxanthine  givefl  no 
reaction  with  mo«t  metallic  salts  at  the  ordinaiy  temperature 
but  a  precipitate  freriuently  cDsues  when  caustic  ammonia  or 
notaah  ia  aimultaneouBly  added,  or  the  fluid  is  heated  to  ebullition* 
rhna  solutions  of  chloride  or  aulphate  of  yioc  are  indiflereut^  but 
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when  an  excess  of  ammonia  is  added,  a  white  flaky  precipitate  of 

hypoxaiitliine-oxyde  of  zinc  ensues,  which  is  only  little  soluble 
in  the  boiling  fluid.  Chloride  of  cadmium  shows  a  similar  be- 
haviour. Sulphate  of  copper  gives  a  precipitate  on  the  addition 
of  potash,  which  is  of  a  light  blue  colour,  and  remains  uochaiiged 
by  Ijoiling.  If  the  tluid  cootaina  an  excess  of  potash,  the  pre- 
cipititte  blackens,  and  the  hypoxantliine  dissolvea  A  boiling 
solution  of  hj^oxanthine  gives  a  green  flaky  precipitate,  with  an 
excess  of  acetate  of  copper,  Neither  neutral  nor  basic  acetate  of 
lead,  by  themselves,  precipitate  h)^oxanthine ;  but  when  it  ia 
boiled  with  the  basic  lead  salt,  a  flaky  white  deposit  is  formed. 
(Jn  warming  a  solution  of  iiypoxao thine  witli  hydrated  oxyde  of 
lead,  an  alkaline  solution  of  hypoxanthine  oxyde  of  lead  is 
formed,  while  a  portion  of  hypoxantliine  is  retained  in  an  in- 
soluble state  by  the  excess  of  hydrated  oxyde.  The  following 
combinations  with  acids,  metallic  oxydes,  and  salts,  are  well 
detined : — 

Hydrocldoraie,  C^H^N^CHCl  +  H^O,— The  solution  of  hypo- 
xanthine in  boiliug  coucentrated  hydrochloric  acid  deposits,  on 
cooling,  colourless  crystalline  plates,  of  the  above  composition. 
From  a  solution  in  dilute  hydrochloric  acid  colomless  crystalline 
needles  are  obtained  on  evaporation  ;  when,  however,  the  solution 
of  hydrochlorate  of  hypoxanthine  in  water  is  repeatedly  evapo- 
rated to  dryness  on  the  water-bath,  a  residue  is  at  last  obtained 
which  conlairts  no  hydrochloric  acid.  Water  has  therefore  a  de- 
Cjniposiug  influence  upon  this  salt. 

HifdrtM^hrtUc  of  HypoJMtUkhie  and  Platinic  Chloride, 
2(C^h^N^0,HUl)rtCl^.  On  adding  a  solution  of  platinic 
chloride  to  a  concentrated  warm  solution  of  crystals  of  hypoxan- 
thine hytlrochlorate,  the  above  platinum-salt  is  deposited  in 
yellow  crystalline  masses,  which  are  sparingly  soluble  in  cold 
water,  but  readily  dissolved  at  a  higher  temperature* 

Nitrate, — ^The  solution  of  hypoxanthine  in  concentrated  nitric 
acid  deposits,  on  standing,  transparent,  colourless  crystals  (ap- 
parently rhombic  octahedra)  of  hy^poxan thine  nitrate,  which  on 
exposure  to  air  or  water  become  white  and  opaque,  without  any 
alteration  of  shape. 

Stilfhate. — The  solution  of  li^-poxanthine  in  concentrated  sul- 
phuric acid,  deposits,  on  standing,  or  on  addition  of  alcohol, 
colourless  needle-shaped  crystals  o(  sulphate  of  hypoxanthine, 
which  on  coming  in  contact  with  water  crumble  to  a  white 
powder.  The  water  dissolves  some  hypoxanthine  and  sulphuric 
acid,  but  the  greater  part  of  the  base  remains  undissolved ;  the 
salt  is  consequently  decomposed. 

Hypoxanthine,  when  treated  with  concentrated  acids  at  a 
temperature  of  100"'  C\  does  nob  undergo  any  decompoaitiou.  Its 
solution,  when  mixed  with  aqua  regia  and  evaporated  on  the 
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water-bath,  leaves  a  residue  which  conaists  mainly  of  unchanged 
hypoxanthine, 

IIif]}am7dkme  and  Banjta,  C^HgBaN^O  +  2H30,- — A  solutioa 
of  h}^)Oxantliiye  in  baryta  water,  on  addition  of  a  latter  quantity 
of  baryta  wat^r,  deposits  transparent  colourless  crystals  of  hypo* 
xanthine  baryta.  From  the  solution  of  this  salt  the  baryta  may 
be  precipitated  by  a  current  of  carbonic  acid  ^jja-^. 

HtjpoQcantkim  and  Silver,  C^HgAg^N^O  +  IIgO. — On  adding 
a  solution  of  hypoxanthine  to  an  animoniacal  solution  of  nitrate 
or  chloride  of  silver,  a  tlocculont  precipitate,  quite  insoluble  in 
even  boiling  water  and  ammonia,  but  soluble  in  much  concen- 
trated ammonia,  is  obtained,  which  on  drying  becomes  a  hard 
mass  like  alumina. 

Ififix>mfifhhi€  and  Nitrate  of  Sihrr,  C^H^N^O+AgNO^, — 
A  solution  of  h}^oxanthine  in  water,  when  mixed  with  a  solution 
of  nitrate  of  silver,  forma  a  flocculent  precipitate,  which  is  insol- 
uble in  dihite  nitric  acid  at  the  ordinary  temperature.  It  is^ 
however,  completely  soluble  in  lar^^e  quantities  of  boiling  con- 
centrated nitric  acid,  and  from  this  solution  is,  on  cooling,  de- 
posited in  colourless  needle-shaped  crystals^  and  so  completely, 
that  the  filtrate  scarcely  yields  any  precipitate  on  addition  of 
hydrochloric  acid. 

Ilifpoxanthine  in  Httman  Urine  as  a  Symptom  of  IHsease^ 

In  the  following  cases  dejKJsits  of  peculiar  appearance  were 
observed  and  interpreted,  from  the  reactions  of  the  bodies,  to  be 
xantbina  But  the  better  knowledge  of  both  xanthine  and 
hypoxanthine  which  has  been  acquired  since  these  observations 
were  made,  has  rendered  it  probable  that  tlie  deposits  consisted  of 
h>qioxanthine.  I  point  out  this  uncertainty,  which  in  any 
future  similar  observations  can  easily  be  avoided  by  the  adoption 
of  the  phosphomolybdate  process  and  diagnostic  silver-nitrate 
reactions. 

Case  1.— H.  B.  Jonea,  "  Journal  Chem,  Soc."  IS  (1862),  78.  A  boy,  nine 
years  und  &  half  of  &ge^  hiMl  had  good  health  until  seTen  years  old,  when  he 
was  s«Lzed  one  night  with  violent  sickness  aod  pain  in  the  stomadi  continuijig 
for  three  dnya.  On  the  third  day  his  water  gr&dually  beciitiie  of  the  colour  of 
blood,  it  then  stopped  altogether  and  nothing  was  passed  for  four  days ;  then 
delirium  and  convulsions  came  on,  lasting  for  twenty-four  hours,  after  which 
he  was  relieved  by  a  most  riolent  perspiration.  No  atone  was  seen  to  pasa. 
In  a  few  days  he  was  perfectly  well,  and  continued  so  for  nearly  three  yeaza, 
when  in  June  IB6I,  he  cau^i^ht  a  slight  cold  and  was  delirious  one  night.  A 
medical  man  saw  hiui  and  found  some  albumen  in  the  urine,  which  then  waa 
gienendly  thick,  and  the  quantity  of  deposit  was  increased  i>y  excitement  or 
temper  ;  cold  produced  the  same  effect  in  a  less  de^^ree.  He  never  complained 
of  pain  in  the  back,  and  was  able  to  take  much  exercise  without  fatigue.  He 
always  had  a  good  appetite,  and  waa  allowed  to  eat  everything.  On  examina- 
tion a  very  small  qimntity  of  albumen  was  found  in  tlie  water  made  at  nighty 
and  none  in  that  made  in  the  morning.  There  were  no  blood- corpusclea,  no 
tubular  ciiflka,  and  the  specific  gravity  was  hi\'b.      Many  apeciniciis  were  ex* 
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ainined,  but  notbing  remarkable  was  found.  About  the  end  of  Jiilj  1801  tlie 
boj  pussed  iirine  which  was  quite  thick  uurl  deep  coloured,  A  drop  wiis 
placed  under  the  inicroacope^  and  a  crvsialline  deposit  was  found  resemblinjij 
one  form  of  uric  iicid,  but  on  the  applit-Btion  of  heat  to  the  untihered  unne 
the  cryjifciilline  deposit  entirely  redissolved.  Each  fresh  portion  of  gediuaent 
ahowed  the  same  crystAilioe  appearance  and  the  same  solubility  by  heat.  A 
cloaer  examination  elicited  aimply  that  the  ciyatnla  wore  not  uric  acid.  A 
few  days  afterwards  another  specunen  was  observed  c^intiuniDg  the  same 
oryatallme  deposit  soluble  by  heat.  The  sediraeut  formed  abctnt  an  eijjbth  of 
the  bulk  of  the  fluid.  It  waa  collected  on  a  tiltcr,  washed  with  aleohol  and 
jj;ave  the  following  reuctionB  : — It  dis8<>lved  in  wat«r  iind  in  hydrochloric  acid; 
when  treated  with  nitric  acid  it  dinsoWed  without  etiervt'scence^  and  wheu 
evaporated  to  dryness  it  left  a  yellow  residue.  When  the  solution  in  hydro- 
chloric acid  waa  evapomted  to  drytieas  it  left  minute  crystals,  soluble  in  water. 
The  aedtment  waa  easily  dissolved  by  alkalies.  The  watery  solution  of  the 
aediment  had  a  feebly  acid  reaction,  and  when  evaporated  to  dryness  left  an 
amorphous  re.*?idue,  which  waa  again  easily  dissolved  in  water.  The  urine  of 
this  boy  was  examine*!  on  many  subsequent  occasions.  It  was  generally  of 
high  apecilic  gnvvity,  1025,  insfl,  1027,  1030  j  onoe  as  low  as  1013.  It  some- 
times contflined  a  trace  of  albumen,  usually  it  deposited  umtes,  and  aometimea 
uric  acid  and  oxalate  of  lime,  but  never  the  crystalline  deposit  soluble  by 
heiit  and  presenting  the  reactionn  of  hypoxtinthine, 

Cabb  IL  Observed  by  the  author,  and  commuuicated  to  the  Medical 
Society  of  London, — A  gentleman,  aged  4!:>,  who  had  been  many  years  at 
sea ;  and  undergone  great  hardshipis,  had,  during  a,  perii>d  of  indisposition 
e  X  tend  ingoverseveayeaJTB,  gradually  become  subject  to  confinned  disease  of  the 
liver  and  kidney?*.  When  I  examined  him  early  in  1862, 1  found  the  left  lobe 
of  the  liver  enlarged «  and  projecting  an  inch  and  a  half  beyond  its  proper 
line  towards  the  umbilicus.  Its  surface  was  uneven,  and  it^  Bub^tance  hard, 
presenting  the  features  of  incipient  cirrhoHLi.  The  bowels  were  mostly  con- 
fined, requiring  the  assistance  of  purgatives.  The  evacuations  indicated  li 
very  deficient  action  of  tlie  liver,  by  a  pecullftr  light  fawn  or  drab  colour. 
There  was  great  anasarca  of  the  lower  limbs,  and  some  tisciles.  He  had  fre- 
quent pains  in  the  region  of  the  kidneys.  The  nrinu  wju*  collected  and  ex- 
amined on  four  days,  with  the  following  teaxih  : — From  January  20  to  30, 
during  24  hours,  there  were  passed  860  cc,  or  half  the  quantity  which  a  per- 
son of  the  weight  and  size  of  the  patient  should  normally  pass.  In  colour  it 
was  brownish-red,  and  on  standing  in  a  warm  place,  deposited  a  large  cloud 
of  small  epithelial  hyaloid  and  granular,  few  fatty  casts  of  the  nriniferous 
tubules.  Some  of  them  conUiined  anyloid  bodiea.  When  allowed  to  get 
cold,  it  became  turbid,  and  deposited  a  large  precipitate  of  urates,  mixed  with 
another  matter,  which,  when  the  urates  were  decomposed  by  a  little  hydro- 
chloric acid  on  the  water-bath,  at  37\  remained  or  reappeared  in  white  pris- 
matic crystals  of  microscoiac  minuteness.  To  the  naked  eye  these  crystals 
appeared  as  a  white  glistening  powder,  contra.^ting  stniugly  with  the  dark 
brown  large  crystals  of  uric  acid.  When  allowed  to  roll  on  the  bottom  of 
the  glass  vessel  which  contained  them,  they  strongly  reflected  light^  showing 
their  crystalline  nature.  Under  the  microscope  they  appeared  as  small 
prisnii,  with  pyramidal  ends,  and  differed  as  much  from  the  accompanying 
nric  acid  in  appearance  as  their  aggregate  mass  differed  from  it  wheu 
inspected  with  the  naked  eye.  They  were  separated  by  levigation,  and  then 
gave  the  followtog  reactions  : — They  rapidly  dissolved  in  caustic  ammonia, 
andj  after  evnporition,  their  substance  was  deposited  in  i^aniiles,  a  small 
quantity  only  assuming  the  original  shape  of  crystals.  They  dis.solve<l  in 
nitric  acid  without  effervescence,  and  the  solution  on  evapomtion  left  a  yel- 
low stain.  This  became  darker  by  gentle  heating,  and  then  dissolved  in 
potash  with  a  violet^red  colour.     The  residue  from  the  aramoniacal  solution,. 
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diisolred  in  hjdrochlurio  soldi  od  erftpor&tioa^  left  pri»niii»  with  pyramidal 
etid^  of  exactly  the  mme  fonn  a«  the  cijsUhls  origioally  obtained  from  the 
urine  treated  with  hydrochloric  acid. 

The  urine  contained  albvimen,  amounting  dry  to  168  grains  in  the  whole 
urine  of  24  hours.  The  urea  weighed  4(K>  grttins-  The  uric  acid  waa  of 
average  amount. 

The  urine  from  January  31  txj  Febnuiry  1,  24  honrs*  amounted  U>  750  cc, 
was  brownish-red,  yielded  the  »iinie  large  de{>o»it  of  casts  of  the  uriniferntia 
tubule»,  and  a  large  deposit  of  urates  and  hjp' xanthine.  The  dry  albumen 
amounted  to  164  grains,  the  urea  to  35^  grains  ;  the  uric  acid  waa  not 
weighed^  as  it  could  not  he  obtained  pure. 

From  February  1  to  2  the  patient  piussed  TiK)  cc  of  urine,  which  was 
omewfaat  paler  than  the  tir^t  8(>ecimen^.  It  contained  133  graioa  of  albu- 
men, and  330  grainff  of  urea.  The  uric  acid  was  averagei  and  not  mixed 
With  any  deposit  of  hypoxanthine. 

On  the  fourth  day,  February  2  to  3,  the  nrtne  amounted  to  750  c.a  The 
deposit  of  urates  which  occurred  on  cooling  was  much  [ess  coloured^  and  cun> 
tained  no  hypoxanthine.  The  depivuit  of  casts  was  still  copious  ;  the  albu- 
men amount<ed  to  202,  the  urea  to  359  graina.  The  patient  sutfered  frorn  an 
attack  of  diarrhci^a.  From  thk  day  he  used  the  hot-air  buth  twice  daily,  and 
internally  took  gallic  acid  in  largo  dose^  iind  cold  extmct  of  beef,  with  hydro* 
eh  brio  acid.  This  treatment  diminished  the  dropsy  to  alight  aujisarca  of  the 
legs,  the  patient  losing  22  pounds  of  weight  in  a  fortnight,  probably  all  by  the 
abstraction  of  water  ;  appetite  and  strength  improved.  The  quantity  of 
the  urine  rose  to  1500 c.c.  in  24  hours  ;  it  contained  le«s  albumen,  more  urea^ 
wua  of  a  healthy  Cidour,  and  made  no  depo^^ita  either  of  urates  or  hypoxan- 
thine.  It  was  examined  on  several  subsequent  occasions,  and  found  to  have 
mHintained  its  improved  character,  By  the  continued  me  of  the  hot-air  hath| 
which  ht  had  constructed  at  his  own  residence,  the  patient  lost  all  srmptotiis 
of  dropsy,  though  not  the  albumen  and  cjisU,  from  hia  urine*  Ue  liv&d  for 
many  yeai^,  and  died  from  an  acute  attack  of  ery^iipelatous  inflammation. 
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(1844),  395;  59  (1846)  58.  Guanine  discoverei— Gorup- 
Besanez  and  Fr.  WiU.  "Ann.  Chem."  69  (1849),  117.  Guanine 
found  in  the  excrements  of  spiders  (epeira),  in  the  "green  organ  " 
of  the  river  crayfish,  and  in  the  "  organ  of  Bojinus  "  of  the  fresh- 
water mussel —Strecker,  "Ann.  Chem."  118  (1861),  152, 
Transformation  of  guanine  into  xanthine,  and  decomposition 
products  of  guanine  leading  to  urea  discovered. — Barresswil, 
"  Compt.  rend."  53,  246.  Guanine  discovered  in  the  scales 
of  fishes. — C,  Voit,  "Zeitsch.  f.  wissenschaftL  Zoologie,"  15, 
515.  Guanine  in  the  swimming-bladder  of  a  fish. — Scherer 
("Ann.  Chem."  112  (1860),  257  and  277)  found  guanine  in  the 
pancreas  and  liver  of  mammals.  Guanine  is  here  described 
mainly  on  account  of  its  chemical  relations  to  the  uric  acid 
group,  and  as  the  source  of  material  for  the  study  of  the  patho- 
logical relations  of  xanthine.  For  it  is  not  certain  whether 
guanine  occurs  in  the  human  urine  in  health  :  the  body  some- 
times believed  to  have  been  guanine  is  more  probably  xanthine. 
These  substances  might  occur  together,  but  the  separation  of 
small  quantities  of  guanine  from  the  xanthine  would,  no  doubt, 
always  be,  analytically,  very  difificult.  However,  great  care 
should  be  taken  to  attain  this  result;  for,  as  hypoxanthine, 
which  is  not  present  in  normal  urine,  has  been  found  in  abnormal 
urine, — particularly  in  connection  with  diseases  of  the  liver  and 
kidneys, — it  is  not  improbable  that  guanine  also  may  be  excreted 
in  analogous  cases,  as  a  product  of  impeded  oxydation  or  prema- 
ture excretion.  The  guanine  which  has  been  found  in  the  animal 
organs  above  stated  has  been  identified  by  chemical  reactions 
oidy,  and  not  yet  by  elementary  analysis  and  atomic  weight 
determination.  As  guanine  is  an  ingredient  of  the  shining 
silvery  part  of  the  scales  of  fishes  and  of  their  swimming- 
bladder,  it  is  just  possible  that  the  guanine  of  guano — the  excre- 
ments of  seabirds  living  exclusively  upon  fish — may  owe  its 
origin  to  the  skin  and  scales  of  the  devoured  fish,  and  may  have 


116 


GUAKINI. 


piissed  unchanged  through  the  intestine  of  the  birds,  as  guanine 
does  when  introduced  into  the  8tomuch  of  a  niammaL  It  tnayi 
however,  also  he  a  specific  '    i»t  of  the  renal  secretion  of 

these  birds.     In  the  swinr  h\f*T  of   the  tish  Si^iyrtrna 

argentina  guanine  is  found  in  t  ambling  cholcsterin.  of 

which  it  is  not  known  whether  t  the  pure  base  or  a  oonj- 

pound.  The  silvery  matter  of  iislwsc&les  seems  to  be  a  com- 
pound of  guanine  with  lijne,  and  is  used  for  coating  little  gla«*s 
bulbs  inside,  so  as  to  give  them  the  splendid  appearance  of  real 
pearls. 

Tlje  quantity  of  guanine  met  with  in  Peru  guano  is  about  a 
half  per  cent. ;  African  guatio  contains  less.  Seherer  obtained 
0*0122  per  cent,  of  guanine  from  the  pancreas  of  the  ox. 

Mod^.  of  Obtaining  it  Pure. — Guano  is  boiled  with  water  and 
milk  of  lime  until  a  filtered  sample  of  the  mixture  ia  not 
lu'Qwn  any  lunger,  but  has  changed  its  colour  to  a  pale  greenish- 
yellow.  During  this  process,  wliich  has  for  its  object  the  fLxing 
of  colouring  matter  and  the  liberation  of  fixed  and  volatile 
alkalies,  lar^jje  quantities  of  ammonia  are  evolve^l,  against  the 
effects  of  which  the  operator,  in  case  he  works  upon  large  quan- 
tities of  material,  should  adopt  special  precautions.  The  boiling 
must  be  continued  until  all  evolution  of  ammonia,  on  stirring 
the  mixture,  has  ceased*  This  may  last  for  more  than  twenty- 
four  hours.  It  is  now  allowed  to  deposit  the  insoluble  matters, 
and  the  supernatant  fluid  is  filtered  throuj^h  a  cloth.  The  residue 
in  the  copper  is  repeatedly  extracted  wuth  small  ijuautitifts  of 
boiling  water,  and  the  tiltnites  are  united.  They  am  now^ 
neutralised  with  hydrochloric  acid,  and  allowed  to  stand  for 
some  hoin-s,  after  the  lapse  of  which  guanine  and  uric  acid  ar©  ^ 
completely  deposited  in  the  form  of  a  reddish  precipitdt'C.  Tliis^ 
is  wtished,  pressed  in  a  cloth,  and  extracted  with  boiliog  hydi'o- 
chloric  acid,  which  dissolves  guanine  and  little  uric  acid, 
leaving  the  bulk  of  uric  acid  undissolved.  The  acid  solu- 
tion, on  cooling  and  standing,  deposits  crystals  of  guanine  hydro- 
chlorate,  which  are  separated  fruni  the  mother-liquor  and  purified 
by  repeated  recrystallisation.  From  the  hot  watery  solution  of 
this  salt  a  sli<,'ht  excess  of  ammonia  precipitates  nearly  pure 
guanine,  in  the  form  of  a  yellowish- white  amorphous  ma^ 
which  is  washed  and  dried 

t^tr€€k€7*8  Process. — ^Guano  is  boiled  in  water  w^ith  some  milk 
of  lime.  The  solution  is  filtered  ott' through  a  bag.  Thisexti^ac- 
tion  is  repeated  until  the  filtrate  is  colourless.  (These  filti'atea 
contain  nitrate  of  urea,  a  body  similar  to  xanthine,  and  other 
matters.)  Guanine  and  uric  acid  Remain  almost  completely 
undissolved.  The  residue  is  boiled  repeatedly  with  sodium 
carbonate,  until  the  filtrates  cease  to  give  a  precipitate  with 
hydrochloric  acid.    The  united  solutiooa  are  treated  with  sodic 
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acetate,  and  then  with  liydrocliioric  acid,  until  they  present  a 
strongly  acid  reaction,  whereby  guanine  and  uric  acid  are  preci- 
pitated. The  washed  pitjcipitate  is  treated  with  moderately 
dilute  hyilrochloiic  acid,  and  the  solution  separated  iVoni  the 
uric  acid  hy  filtration.  The  hjdrochlorate  of  guanine  is  decom- 
posed  by  boiling  willi  dilute  ammonia,  and  the  isolated  gnanine 
dissolved  in  strong  boiling  nitric  acid;  all  uric  acid  is  thereby 
destroyed,  and,  on  cooling,  yellowish  crystals  of  pure  nitrate  of 
guanine  are  deposited.  From  their  solution  pure  guanine,  which 
is  slightly  coloured  yellow,  ia  precipitated  by  excess  of  caustic 
ammonia, 

Phtf.nml  and  Chrmiml  Properties, — Guanine  has  not  yet  been 
obtained  in  tlie  crystalline  state.  It  is  a  white  powder,  destitute 
of  either  taste  or  smell,  or  reaction  upon  vegetable  pigments. 
It  is  insoluble  in  water,  alcohol,  and  ether,  little  soluble  in 
baryta  or  linte  water,  even  on  boiling,  and  precipitated  from  these 
solutions  by  carbonic  or  acetic  acid  ;  in  the  latter  acid  guanine 
is  quite  insoluble.  It  forms  crystalliBiible  compounds  with  strong 
acids  ;  of  these  com])ounds  the  hydrochlorate  is  distinguLslied  by 
producing  double  salts  with  mercuric,  cadmic»  zincic,  and  platinic 
chloride,  (iuanine  may  be  subjected  to  a  temperature  of  200"' C, 
without  undergoing  any  change.  When  enclosed  with  water 
in  a  sealed  tube,  and  heated  to  250°  L\,  it  gives  off  a  tmce  of 
ammonia,  but  otherwise  remains  undissolved  and  unchanged. 

IXromposiiunis. — On  decomposition  by  eld  orate  of  potash  and 
h  yd  roc  bin  r  i  c  a  c  id ,  guan  i  n  e  yields  the  f o  Ho  w  in  g  p  rod  uc  ts  : — (rr. ) 
Tarabanic  acid  (to  be  extracted  from  the  evaporated  residue  by 
means  of  a  mixture  of  ether  and  spirit) ;  (k)  oxaluric  acid  (to  be 
obtained  by  combination  with  baryta  and  precipitation  with 
absolute  alcohol) ;  (c.)  xanthine,  obtained  combined  with  bar}^ta; 
(d.)  guanidine,  a  base,  which  forms  salts  with  acids,  and  on  heat- 
ing with  excess  of  nitric  acid  lornis  ui^ea  according  to  the  fol- 
lowing equation — 

CH5N3  +  H,0  =  Cn.N^O  +  NHji . 

Permanganate  of  pota.'^sium  energetically  oxydises  guanine,  pro- 
ducing carbonic  and  oxalic  acids,  urea,  some  ammonia,  and  an 
inditferent  substance  which  is  not  crystalliBable,  has  the  com- 
position Cj^H^.NgOg,  and  has  been  termed  oxyguanine. 

When  introduced  into  the  human  stomach,  guanine,  similar  to 
uric  acid,  was  found  to  increase  the  quantity  of  urea  excreted  in 
a  given  time;  but  when  the  dose  thus  introduced  exceeded 
certain  limits,  a  part  of  the  guanine  taken  passed  unchanged  in 
the  fteces  (Kerner,  **  Ann.  Chem."  103  (1857),  219). 

Comimumh — Niin^guanine. — A  mixture  of  guanine  and  nitric 
acid,  on  evaporation  to  dryness  on  the  water- bath,  leaves  a  yellow 
residue,  which  is  soluble  in  caustic  alkalies  with  a  deep  orange 
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eolmtr.    This  reodioii  fxwiwiii  to  tlie  fonnaiioii  of  mmm  oxalic 
acid,  imd  of  a  oompomul  of  siibetitutioii,  aitro-gQanine^  which, 
being  ilaelf  a  bate,  retains  another  molecule  of  nitric  acid  in 
eomhiaatiim  (C4H^(NOj)XjO,HNO,).    In  case  the  translorma* 
tion  into  this  new  compoiuid  baa  been  compleie,  its  solution  in  I 
canitie  alkalies  ia  not  praeipitaied  by  eilber  chloride  of  aouno-^  I 
mum  or  carbonic  acid ;  the  latter,  baweTer,  changes  the  oraogotj 
colour  of  the  solution  back  to  jrellow.     If  the  two  last-nanEied  1 
agenta  produce  a  white  prei^ipitate  iu  the  alkaline  solution  of  the 
nitric  product,  it  is  uDiimoged  guaniua     Nitroguanine  can  be 
transformed  into  xanthine  bj  a  process  which  has  been  deBcribid 
in  the  chapter  relating  t«j  this  latter  substanca 

HydniU  of  Guanine — Sulphate  of  guanine,  when  mixed  with 
a  laige  quantity  of  water,  deposits  the  hydrate,  which  is  aepa^ 
rated  from  the  dilute  sulphuric  acid,  containing  yet  some  guanine 
in  solution,  by  means  of  the  tilter.  The  hydrate  is  very  similar! 
to  anhydrous  guaniue,  retains  its  water  at  100''  C,  but  loses  it  at 
125"*  C,  being  7*1  per  cent  of  its  weight 

IT!  r(e    Qf    Ou/intW,    C^H^N^CHCl  +  H^O.  —  This  ^ 

neuti.^  led  salt  crystallines  from  the  solution  of  guanine' 

in  boiling  strong  hydrochloric  acid  on  addition  of  a  large  quantity 
of  hot  water,  and  cooling  in  fine  pale  yellow  needles  ;  these  give 
up  their  water  of  crj  stallisation  in  a  continuous  current  of  air, 
or  at  a  temperature  already  below  100^  C\,  and  thereby  pass  into 
the  anhydrous  modification,  which,  at  a  temperature  of  betw^n 
200*  and  220°  C,  gives  up  the  entire  amount  of  its  acid,  amount- 
tug  to  19'27  per  cent.,  leaving  pure  guanine.  From  the  solution 
of  the  pure  hyditx^hlorate,  pure  guanine  is  precipitated  by  sodic 
acetate.  But  from  coloured  hydrochlorate,  sodic  acetate  pre- 
ci|>itates  a  coloured  guanine,  and  the  reaction  cannot  be  need  for 
freeing  guanine  from  colouring  matter.  For  this  object,  pre- 
cipitation of  the  hot  solution  by  a  slight  excess  of  caustic 
ammonia  is  preferahle. 

The  acid  hydrochlorate  contains  two  atoms  of  hydrochloric 
acid,  viz.,  4814  [ler  tent  It  is  obtained  by  saturating  guanine 
with  hydrochloric  acid  gas  at  a  very  low  temperature,  during  a 
winter  frost,  or  in  a  freezing  mixture.  Tl>e  process  is  attended 
with  intumescence  of  the  guanine  employed,  and  a  slight  evoln- 
tion  of  caloric. 

NiiraU  of  O^mviftkjt,  CgH^NsCHNO,, — fruanine  is  easily, 
and  without  decomposition,  soluble  in  a  Wliug  mixture  of  equal 
partB  of  nitric  acid  of  1-2  sp,  gr.  and  water,  and  the  solution,  on 
eooling,  yields  a  crystallised  mass  of  hair-fine,  concentrically- 
grouped,  interwoven  needles,  which  are  best  seen  imder  the 
miomeope.  This  is  the  mononitrEted  neutral  salt;  it  has  an 
aeid,  afterwaitls  astringent  taste,  and  a  strongly  acid  reaction 
u|)on  litmus  pafier;  when  exposed  to  the  air  it  loses  a  little  scfd. 
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and  emorescfs;  it  is  much  more  soluble  in  hot  tli.in  ia  cold 
water,  and  is  not  changed  by  the  boiling  of  the  solution. 

Giuinim  Rirtfuvu — Gimiiine  dissolves  in  boiling  baryta  water, 
and  on  cooling,  colourless  needle-like  prisms  are  deposited,  which 
over  sulphuric  acid  become  white,  and  contain  53*0  per  cent  of 
"BaO.     Theory  requires  53*5  per  cent.  BaO, 

(ritnnin^  Sotlium. — Guanine  is  more  .soluble  in  caustic  potash 
and  soda  than  in  acids.  When  a  concentrated  solution  of  aoda  is 
saturated  with  guanine,  und  mixed  with  a  large  quantity  of  spirit 
of  wine,  it  deposits  a  lamellated  nitiss  of  sodium  guanine,  which, 
after  having  been  dried  in  the  vacuum,  loses  yet  33*20  per  cent, 
(12  molecules)  of  wat^r  at  a  tempemture  above  100"  C.  When 
exposed  to  tbe  air  the  compound  eliloresces  with  absorption  of 
carbonic  acid,  and  liberation  of  guanine.  It  is  not  sellable  in 
pure  water,  free  from  carbonic  acid,  without  a  partial  precipita- 
tion of  guanine. 

Guanim  NilraU  of  Silver,  C^^p,A%SO^.—  yfhBn  a 
solution  of  nitrate  of  guanine  is  mixed  with  argentic  nitrate,  it 
deposits  a  copious  pi-ecipitate.  This  is  almost  insoluble  in  even 
strong  nitric  acid  in  the  cold,  but  dissolves  on  Ijoiling,  and  on 
cooling  is  quickly  and  entirely  deposited  in  fine  colourless 
needles,  which,  after  collection  on  a  filter,  washing  with  water, 
and  drying,  form  a  felt-like  mass.  They  contain  33*6  per 
cent,  of  Ag. 

Guanitu'  Silver, — The  foregoing  salt,  when  treated  with  excess 
of  ammonia,  or  any  amnion iacal  solution  of  guanine  on  being 
mixed  with  an  ammoniacal  solution  of  argentic  nitmte,  produces 
this  compound. 

Oimnim  ClUaride  Platinw  Chhride,2{C^^^fiMCl)+ViQl^ 
+  411^0. — To  a  hot  satuj-ated  solution  of  iguaniue  in  hydro- 
cidoric  acid  an  excess  of  a  hot  concentrated  solution  of  platinic 
chloride  is  added,  the  mixture  h  evaporated  to  half  its  bulk,  at 
a  temperatui-e  not  exceeding  100°.  The  crystaJa  which  form  on 
cooling  are  washed  with  spirit  of  wine  and  water,  and  dried  over 
sulphuric  acid.  They  are  orange-yellow  needles  and  prisms, 
yielding  a  citron-yellow  powder.  They  become  opaque  over 
sulphuric  acid,  and  lose  a  trace  of  hydrochloric  acid.  To  a  cur- 
rent of  air  of  15°  they  yield  6*51  per  cent.,  or  four  molecules  of 
water,  together  with  a  trace  of  hydrochloric  acid,  and  leave  a 
pale  citron-yellow  residue  ;  this  is  with  difficulty  soluble  in  cold, 
but  easily  and  entirely  soluble  in  boiling  water.  The  solution  on 
cooling  deposits  the  original  crystals.  The  anhydrous  residue 
does  not  yield  any  platinic  chloride  to  absolute  alcolioL  Zinc 
*  and  hydrochloric  acid  produce  platinum  bhick  from  the 
crystals,  guanine  remaining  in  solution.  When  tlie  crystals  are 
fused  with  sodic  carbonate,  sodic  cyanide  is  formed.  The  crys- 
tals are  easily  soluble  in  caustic  sodd  or  potash,  and  in  the  car- 
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bonatea  oF  these  alkalies  without  auy  evolution  of  carbonic  aeicl 
gaa»  and  from  these  solutions  may  be  precipitated  by  acids. 

Ouanme  Mercuric  Chhn'de,  2{C^U,l^fiM^(-l^  +  ^UjO.—A 
concentrated  solution  of  coiTOsive  subliuiate,  wbun  added  to  a 
oonceutrated  solution  of  guanine  hydroclJomte  in  such  quantity 
that  a  sample  of  the  mLxture  gives  a  yellow  precipitate  with 
soda,  on  stirring  produces  a  crystalline  precipitate  of  the  abova 
composition. 

Guanifu  Cadmk  Chloritie, — CTuaniue  also  fonus  a  compound 
with  this  salt 

DuignosU  of  some  Reactiona  of  the  Base-s  of  ilu  J^anthine  Group, 

Xanthine,  purchased,  difisolved  in  nitric  acid  and  little  water, 

f;ave  a  copious  wiiite  precipitate  with  argentic  nitrate,  soluble  in 
arge  excess  of  nitric  acid  on  heating;  this  i^muined  dbsolved 
for  some  time  after  cooling,  when  ^  similar  solution  of  hypo- 
xanthine  was  already  filled  with  crystals. 

The  xanikim  silver  nitrate  compound  was  soluble  in  larjn 
excess  of  coDcentrated  caustic  ammonia,  and  gave  a  yellowish 
clear  solution;  a  little  coloured  matter  i*emained  undissolved. 
This  Litter  was  surmised  to  be  nitroxan(hi)i€  .W^ivr,  and  together 
with  the  peculiar  smell  on  first  solution  in  nitric  acid  seemed  to 
indicate  that  the  commercial  xanthine  was  probably  made  from 
guanine. 

Xanthine  made  from  guanine  by  myself  behaved  in  every 
respect  like  the  foregoing ;  it  w^as,  how^ever,  more  yellow,  and 
the  part  of  the  silver  compound  insoluble  in  concentrated 
ammonia  was  more  coloured. 

The  xanthine  obtained  fram  human  urine  by  tlie  phospho- 
niolybdic  process  descriU'd  above  behaved  just  like  the  fore- 
going ;  so  also  did  the  body  separated  from  hist  urochrome  by 
decomposition  of  this  latter  ii^ith  acid,  and  reobtained  by  phos- 
phomolybdic  process ;  the  products  seemed,  however,  to  contain 
different  quantities  of  silver,  indicating  that  the  silver  com- 
pound is  not  stable. 

Guanine  extracted  by  myself  from  guano  behaved  like  the 
xanthines  above  described,  but  its  silver  nitrate  salt  crystallised 
a  little  easier  than  xanthine  from  dilute  hot  nitric  acid  ;  witli 
a  little  more  acid,  however,  it  remained  in  solution  like  the 
xanthine  salt. 

These  bodies  therefore  resemble  each  other — 

(1.)  By  their  solubility  in  dilute  warm  nitric  acid. 

(2.)  Their   precipitation   from    this  solution    by  argentic 

nitrate. 
(3.)  The  solubility  of  this  silver  compound  in  much  warm 

moderately  dilute  nitric  acid. 
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r»ut  they  differ  by — 
(4.)  Hypoxanthine  silver  nitrate  being  quickly  deposited  in 

crystals  on  cooling. 
(5.)  Xanthine  silver  nitrate  being  deposited  from  a  similar 

solution  only  after  long  standing. 
(6.)  Guanine  silver  nitrate  seems  to  be  deposited  at  a 

period  later  than  hypoxanthine,  and  earlier  than 

xanthine. 

They  further  resemble  each  other — 

(7.)  By  being  precipitated  as  silver  compounds  free  from 
nitric  acid  by  a  slight  excess  of  ammonia  added  to 
the  nitric  acid  solution  just  described. 

(8.)  By  the  complete  solubility  of  these  silver  compounds  in 
a  large  excess  of  concentrated  caustic  ammonia. 

(9.)  By  the  reappearance  of  the  silver  compound  when  the 
large  excess  of  ammonia  is  allowed  spontaneously  to 
evaporate,  or  is  expelled  by  heat 
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BIBTOUY  AND  LITERATURg. 

In  1835  Chevreul  ('Mourn,  da  Phann"  21,  236),  discorered  a 
crystallksble  substance  in  extract  of  beef  of  the  Dutch  CompaDy, 
Bud  termed  it  Kreatim.     Nine  yeara  later  Heintz  ("  TV  1 

Anth"  62,  602;  70,  460;  73,  696;  94,  125)  and  Pi;  l- 

(**  Ana  Chem."  52,  97)  contemporaneously  found  a  subdlance  in 
human  urine  which  gave  a  crystallised  compound  with  zinc 
chloride,  and  which  we  now  know  to  be  a  compound  of  kreatinine- 
zinc  chloride  with  kreatine.  In  1847  Liebig  (**  Ana  Chem."  42, 
194,  and  *  Chemical  Reseatxrh  on  Flesh  and  it«  Preparation  for 
Food,"  Heidelberg,  1847,  p.  47)  obtained  kreatine  and  kreatiiuDe 
from  the  juices  of  the  Hesh  of  representatives  of  all  the  classes  of 
vertebrate  animals,  and  from  the  urine  of  men,  and  fully  in- 
vestigated their  properties.  Heintz  ('*  PoggenA  Ana"  74, 
125)  now  showed  that  kreatinine  was  partly  transformed  into 
kreatiue  during  the  chemical  processes  required  for  its  isolation, 
and  that  the  parts  and  excretions  of  animals  probably  contained 
only  kreatinine,  Verdeil  and  Marcet  ("  Journ.  de  Pharm-"  (3), 
20,  89)  found  kreatine  in  the  blood  of  the  ox.  Dessaignes 
(**  Ann.  Chem/'  97,  343)  instituted  researches  int4j  the  chemical 
structure  of  kreatinine,  in  continuation  of  those  first  made  by 
Liebig,  and  discovered  the  base  methyluramine.  Liebig  ("  Ann. 
Chem."  108,  354)  next  conlirmed  the  observations  of  Heintz  as  to 
the  transformation  into  kreatine  of  kreatinine  contained  in  the 
nriue  of  the  dog.  In  the  first  edition  of  this  treatise  (p.  126)  I 
published  the  tirst  observations  of  the  ciuantities  of  kreatinine 
and  kreatine  excreted  in  given  times  by  healthy  individuals. 
Neubauer  afterwards  ("Ana  Chem/*  119,  127),  published  some 
further  determinations  of  the  quantities  of  kreatinine  in  human 
urine.  Loebe  {'*  Erdmann's  Journ/'  82,  heft  3  and  4J  investi- 
gated the  solubility  of  kreatinine-zinc  chloride,  and  Stiecker 
('*  Ann.  Chem/'  118,  105)  published  considerations  on  the 
chemical  constitution  of  kreatine. 

Occifrrence. — Kreatinine  and  kreatine  are  both  simultaneously 
<»btained,  by  the  processes  to  be  related  hereafter,  liom  the  flesh 
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of  mail  the  mam tii alia,  of  birds,  amphibia,  and  fishes ;  from  the 
urine  of  man  and  of  many  animals.  But  as  these  chemical  pro- 
cesses give  repeated  opportuni tins  for  the  transformation  of  krea- 
tinine  into  kreatine,  it  if?  permissible  to  assume  that  both  io 
flesh  and  urine  kreatiniiie  is  nnrmally  present,  and  that  it 
becomes  partly  transforined  into  kreatine  during  extraction.  In 
the  present  state  of  our  knowledge  the  existence  of  kreatine  in 
flesh  and  urine  ia  not  proved, 

MotU^  of  Obtaining  Kreaiinine  and  Kreatine  frmn  Human  Urine, 

1.  The  most  direct  process  is  by  tlie  phosphomolybdic  acid 
process  already  adverted  to  under  xanthine,  and  %vbich  will  be 
more  fully  described  under  the  chapter  relating  to  reduciue  and 
the  alkaloids  of  human  urine, 

2.  The  urine  h  made  alkaline  with  some  milk  of  lime,  filtered 
and  evaporated  until  the  salts  are  deposited.  The  mother- liquor 
is  then  separated  from  the  salts  (without  the  use  of  alcohol),  and 
mixed  with  one  twenty -fourth  of  its  weight  of  a  syi'upy  solutiou 

,  of  neutral  chloride  of  zinc.     After  the  lapse  of  three  or  four  days, 

'a  great  part  of  the  chloride  of  kreatinine  zinc,  Tvith  some  krea- 
tine, has  cr^^stallised  in  yellow,  roundish,  warty  granules.  The 
deposit  is  washed  with  water,  then  dis^solved  in  toiling  water, 

^and  to  tluB  solution  hydrated  oxydo  of  lead  is  added,  until  the 
fluid  gives  an  alkaline  reaction  to  test  paper.  The  threefold 
amount  of  the  oxyde  of  lead  used  up  to  this  point  is  now  added, 
and  the  fluid  kept  boding,  until  it  appears  to  coagulate  into  a 
light  yellow  magma.  The  decomposition  is  now  completed. 
Zinc,  hydrochloric  acid,  and  lead  in  the  form  of  the  basic  oxy- 
chloride  are  thus  transformed  into  an  insoluble  condition;  the 

J  kreatinine  and  kreatine  combined  with  them  before  the  addition 
of  the  lead  remain  in  solution.  The  latter  is  now  treated  with 
some  animal  charcoal,  which  removes  a  yellow  colouring  matter 
and  a  trace  of  oxyde  of  lead,  and  is  then  evaporated  to  dryness. 
The  crystalline  residue,  when  heated  with  eight  or  ten  times  its 
weight  of  alcohol,  either  leaves  a  residue,  or  dissolves  completely, 
and  the  solution  deposits  crystals  on  cooling ;  these  crystals  ai*e 
identical  in  their  properties  with  the  residue,  if  any  was  left,  and 
consist  of  kreatine.  If  these  crystals  are  removed  from  the 
mother-liijuor,  and  the  latter  is  evaporated,  a  new  cryatallisatiou 
of  a  difl^rent  form  and  different  properties  is  obtained,  which 
consists  exclusively  of  kreatinina 

3.  The  urine  is  treated  with  excess  of  milk  of  linie,  filtered,  and 
the  alkaline  fdtrate  neutralised  with  acetic  acid.  It  is  then 
evaporated  almost  to  dryness  in  the  water-bath.  The  8}Tupy 
residue  is  mixed  with  strong  or  absolute  alcohol,  and  allowed  to 
stand  for  some  hours.  It  is  then  filtered,  and  the  other  filtrate 
is  mixed  with  a  few  drops  of  concentrated  alcoholic  solutiou  of 
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neutral  cliloride  uf  ziae,  prepared  by  decomposing  sulphate  of 
zinc  by  chloride  of  calcium,  Tiie  iluid  is  stirred  enei-getically 
until  it  becomes  ttuljid,  and  is  then  put  into  a  cool  place  for 
forty-eif^ht  hours.  The  compound  uf  chloride  of  zinc  with 
kreatiuine,  which  is  almost  insoluble  in  alcohol,  is  then  found  to 
be  completely  duffosited.  It  is  put  on  a  hlter,  washed  with 
alcohol,  and  is  su  pure  that  it  may  be  dried  and  weighed.  On 
decomposition  in  the  usual  way  it  always  yields  kreatioe.  Thia 
mode,  originally  devised  by  Ileintz  and  Pettenkofer^  was  used  by 
Neubauer  in  his  quantitative  d^^termiuutions. 

4.  Dessaigne^  advises  that  the  urine  after  treatment  with  lime 
should  be  reaeidulated,  evaporated,  uric  acid  and  salts  filtered 
i)\}\  and  the  liltrate,  neutnilised  with  ammonia,  should  be  treated 
with  chloride  of  zinc.  The  proportion  of  zinc  salt  thus  obtained, 
compared  to  the  quantity  of  zinc  salt  obtained  from  iiriue  evapo- 
rated in  the  alkaline  state,  is  at  the  rate  of  5  to  3. 

Male  of  Ohtainifuj  Krmtinefrom  Putrid  Urine. 

If  putrid  urine,  in  which  all  urea  is  transformed  into  carbonate 
of  ammonium,  be  boiled  with  milk  of  lime,  until  ammonia  is  not 
any  longer  evolved,  the  Uuid  then  filtered,  evaporated  to  a  syrupy 
consistence,  and  treated  with  one  twenty- fourth  part  of  its  weight 
of  a  syrupy  solution  of  neutnd  chloride  of  zinc,  there  will,  in  the 
course  of  a  few  days,  be  deposited  a  considerable  quantity  of  a 
yellow  granular  body,  which  contains  chlorine  and  zinc,  and, 
under  the  microscope,  cannot  be  distinguished  from  the  zinc  salt 
obtained  from  fresli  urine  in  the  manner  above  described,  WTieu 
dissolved  in  boiling  water,  and  freed  from  the  chloride  of  zioc 
and  colouring  matter  by  means  of  hydrated  oxyde  of  lead  and 
animal  charcoal,  the  organic  substance,  which  was  combined 
with  the  zinc,  appears  aometimes  as  pure  kreatinine  without  any 
admixture  of  kreatine. 

Mode  of  OhUdning  Kreatinine  from  Kreatifie, 

If  kreatine  be  treated  with  concentrated  hydrochloric  acid,  the 
solution  evaporated,  and  the  dry  mass  heated  in  the  water-bath 
untU  all  free  hythochloric  acid  has  been  driven  out,  the  residue 
consists  of  pure  hydrochlorate  of  kreatinine.  From  this  salt  the 
kreatinine  is  obtained  by  boiling  its  solution  in  water  with 
hydrated  oxyde  of  lead. 

In  a  similar  manner  kreatinine  is  obtained  from  the  sulphate, 
by  adding  t^t  the  boiling  watery  solution  carbonate  of  baryum, 
until  the  Uuid  shows  an  alkaline  reaction^  and  no  more  carbonic 
acid  is  evolved.  Sulphate  of  baryum  is  precipitated,  and  pure 
kreatinine  remains  in  solution. 

St^paraiion  of  Kreiiiini7t4ifrom  Kretdine  by  Alcohol, 
To  effect  this  operation  without  loss  for  quantitative  deter- 
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minatioDS  of  both  substances,  I  have  employed  the  following 
apparatus: — A  test-tube  is  mounted  with  a  cork,  perforated  by  two 
bent  tubes  after  the  manner  of  a  washing-bottle.  The  lower  end 
of  the  long  tube  dipping  into  the  mixture  to  be  extracted  is 
closed  by  a  little  piece  of  calico,  tied  firmly  over  its  slightly 
thickened  end.  The  apparatus  is  fixed  in  a  flask  filled  partly 
with  water.  If  now  the  downwards  bent  tube  is  dipped  into  a 
small  dish  filled  with  absolute  alcohol  and  suction  is  applied  at 
the  tube  rising  upwards,  the  alcohol  will  pass  through  the  long 
tube  and  calico,  and  mix  with  the  kreatine  and  kreatinine.  On 
heating  the  water  in  the  flask  the  alcohol  in  the  test-tube  will 
boil,  and  having  done  so  for  some  time  is  forced  by  pressure 
through  the  long  tube  into  a  small  flask  ready  for  its  reception. 
The  calico  retains  all  kreatine  in  the  test-tube,  and  repeated  ex- 
traction with  new  portions  of  alcohol  will  transfer  all  the  krea- 
tinine into  the  flask.  The  kreatine  is  dissolved  in  water,  dried, 
and  weighed.  The  kreatinine,  after  the  evaporation  of  the  alcohol, 
is  also  dried  and  weighed. 

Physical  Properties, 

Kreatinine  crystallises  in  the  monoclinometric  (clinorhombic) 
system.  The  crystals  are  formed  by  the  prism  oo  P,  the  basic 
terminal  plane  OP,  and  the  clinodiagonal  terminal  plane  oo  P  oo. 
The  orthodiagonal  is  shorter  than  the  clinodiagonal.  The  angle 
OP :  00  P  00  (the  angle,  namely,  at  which  the  jmndj^al  axis  is 
inclined  to  the  clinodiagonal)  was  found  =  69'  24'.  The  angle 
at  which  the  lateral  planes  oo  P  coincide  in  the  orthodiagonal 
section  is  =  98°  20' :  and  accordingly  the  angle  formed  by  oo  P  oo 
with  'oo  P  is  =  130*'  50'. 

Chemical  Properties, 

Kreatinine  is  much  more  soluble  in  cold  water  than  kreatine. 
1000  parts  of  water  dissolve  87  parts  of  kreatinine,  or  one  part 
dissolves  in  11*5  parts  of  water  at  15°  0.  In  hot  water  it  is  much 
more  soluble. 

The  watery  solution  restores  the  blue  colour  to  reddened 
litmus  paper.  A  crystal  of  kreatinine,  placed  upon  a  piece  of 
wet  turmeric  paper,  produces  a  brown  stain  on  the  spot  where  it 
lies.  In  concentrated  solutions  it  heis  a  caustic  taste^  like  dilute 
liquor  of  ammonia. 

Kreatinine  dissolves  in  boiling  alcohol,  and  crystallises  from  the 
solution  on  cooling.  1000  parts  of  alcohol  at  15°  C.  dissolve  9*8 
parts  of  kreatinine.  102  parts  dissolve  one  part. 

The  chemical  character  of  kreatinine  is  that  of  a  strong  alkali, 
exceeding  in  saturating  affinity  that  of  ammonia. 

A  moderately  concentrated  solution  of  nitrate  of  silver,  to 
which  a  solution  of  kreatinine  is  added,  coagulates  immediately 
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into  a  masB  of  delicate  white  needles,  wliicli  are  easily  soluble  ui 
liot  water,  but  crys^^dlise  out  of  it  on  cooling,  without  ha\'ing 
undergone  auy  ebaut^e.  They  consist  of  a  basic  combination  of 
kreatinine  \^ith  nitrate  of  silver. 

In  u  auliition  of  corrosive  subliniate,  kreatinine  produces  im- 
mediately a  white  curdy  precipitate,  which,  in  the  course  of  a  few 
lojiiutes^  tramforms  into  a  heap  of  delicate,  transparent^  coIoutlesB 
needles, 

lu  a  watery  neutml  solution  of  cldoride  of  zinc,  kreatlDioe 
produces  immediately  a  crystalline  precipitate,  in  the  form  of 
roundisli,  warty  j^i'^"^^^^^'  which,  under  the  microscope,  are  aeeii 
to  consist  of  delicate  needles  in  radiaiy  an*an^ement, 

Kreatinine  expels  ammonia  fmm  its  salts,  and  forms  bloe 
crystallisable  double  salts  with  the  salts  of  oxyde  of  capper. 

Chloride  of  platinum  produces  no  precipitate  in  solutions  of 
hydrochlorate  of  kreatinine.  If  the  mixture  of  the  two  sola- 
tiona  is,  however,  evaporated  at  a  gentle  heat,  dark  yellow,  traos- 
parent,  rather  large  crystals  are  formed,  wliicb  are  pretty  easily 
soluble  in  water,  less  soluble  in  alcohol.  This  salt  has  a  com- 
position similar  to  the  double-salt  of  chloride  of  platinum  and 
ammonium. 

ComhinaHom. 

Rf/drochlorufe  of  Krtatinine,  C4HyNjjO,HCl— On    exposing 

crystallised  kreatine  in  Liebig's  drying  apparatus,  at  a  tempera- 
ture of  100°  C,  to  a  cuiTeut  of  dry  hydrochloric  acid  gas,  the 
weight  of  the  apparatus  incre-ases  at  first;  on  continuing,  however, 
the  high  temperature  and  current  of  hydrochloric  acid  gas  for  some 
time,  very  nearly  the  original  weight  of  the  apparatus  is  at  lust 
obtained.  During  the  experiment  water  is  constantly  seen  to  leave 
the  apparatus,  until  the  weight  of  the  apparatus  remains  station- 
ary. If  dried  kreatine  be  taken  for  the  experiment,  the  ap- 
paratus shows  an  increase  in  weight.  The  l>ody  produced  under 
these  circumstances  is  neutral  hydrochlorate  of  kreatinine. 

In  the  same  manner,  hydrochlorate  of  kreatinine  is  obtained  by 
dissolving  kreatine  in  concenti-ated  hydrochloric  acid,  in  a  porce- 
lain dish,  evaporating  the  solution,  and  heating  the  residue  in 
the  water- bath  until  all  free  hydrochloric  acid  has  disappeared* 

This  salt  contains  one  molecule  of  hydrochloric  acid  and  one 
molecule  of  kreatinine.  It  is  easily  soluble  in  boiling  alcohol^ 
and  crystallises  from  this  solution*  in  short,  transparent,  colour- 
less prisms,  which  are  easily  soluble  in  water.  On  evaporation, 
it  is  obtained  in  large  transpurenl  lamina'  of  an  acid  reaction. 

It  does  not  jield  any  precipitate  with  chloride  of  zinc,  but 
when  a  solution  of  acetate  of  soda  is  added  to  the  mixture  of 
both  salts,  and  the  triple  mixture  is  evaporated,  kreatinineehlo- 
ride  of  zinc  is  easily  obtained  in  a  verj^  pure  state. 
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Hijdrodil&nUe  c/Kreaiinine  and  Cliloride  of  Platinuai. — A  solu- 
tion of  bydrochlomte  of  kreatinine,  when  mixed  with  chloride  of 
platinum  and  i^ently  evapuraU^d^  yields  rosy  pnsms  of  the  double- 
SftlL  On  rapid  formation  this  salt  is  obtained  in  yellowish-red, 
ti-ansparent  gmnules.     It  contains  30'95  per  cent,  of  platinum. 

Sulphate  of  Krc^it  mi m,-— On  adding  to  one  part  of  kreatine 
an  equal  weight  of  dilute  sulphuric  acid  (composed  of  27  parts 
of  concentrated  sulphuric  acid  and  73  parts  of  water),  evapo- 
ratin^'  to  dryness,  and  heating  until  all  moisture  is  volatilised, 
neutial  sulphate  of  kreatiuine  is  obtained.  It  may  also  be 
produced  by  adding  to  a  boiling  saturated  solution  of  krea- 
tiniue  dilute  sulphuric  acid,  until  a  strongly  acid  reaction  is  per- 
ceived, and  evaporating  to  dryness.  A  white  crystalline  mass 
thus  obtained,  easily  soluble  in  hot  alcohol.  On  cooling, 
the  solution  becomes  milky,  and,  on  becoming  clear,  deposits 
transparent,  concentric,  quadratic  plates  of  neutral  sulphate  of 
kreatiniue.  They  remain  transparent  and  clear  at  a  tempera- 
ture of  100*  C. 

Chloridt:  of  Zinc  and  Knathiinf-  (C^Hi^N^O^^ZnClj). —  On  addiuj^ 
a  syrupy  solution  of  neutral  chloride  of  zinc  to  a  concentrated 
scilulion  of  kreatinine,  a  white  granular  precipitate  is  imme- 
diately produced  This  may  be  hltered  from  the  mother-liquid 
after  twenty-four  hours,  and  washed  witli  cold  water,  in  which 
it  is  very  little  soluble.  It  is  much  more  soluble  in  boiling 
water,  and  crystallises  from  a  saturated  solution,  on  slow  evapo- 
ration in  large  granules,  warts,  and  groups  of  needles.  It  is  very 
little  soluble  in  concentrated  spirit  of  wine  and  absolute  alcohol, 
1  .part  of  the  salt  requires  1)217  parts  of  alcohol  of  9%  per  cent, 
strength,  and  5743  parts  of  alcohol  of  87  per  cent  strength  for 
fiolution. 

From  its  alcoholic  solution  kreatinine  can  therefore  be  preci* 
pitated  almost  entirely  by  the  addition  of  chloride  of  zinc.  This 
gait,  mixed  with  kreatine,  constitutes  the  substance  originally 
obtaine<l  by  Pettenkofer,  and  produced  from  urine  by  the  first 
method, 

Fi*om  this  salt  and  from  the  hydrochlortite,  kreatinine  may  be 
separated  by  boiling  with  hydrated  oxyde  of  lead,  in  the  manner 
described  for  the  first  method.  From  the  sulphate,  kreatinine 
may  be  obtained  by  adding  to  its  boiling  watery  solution  car- 
bonate of  baryum.  until  cilervescence  is  not  any  longer  pro- 
duced, and  the  fluid  has  got  an  alkaline  reaction.  Sulphate 
of  baryum  being  thus  formed,  pure  kreatinine  remain/?  in  solution. 

Tmnsformutwn  of  Kreatinine  into  Kreaiine, 

^H  Pare  chloride  of  zinc  kreatinine,  prepared  from  kreatiniue, 
^B^^^i^P^^^^  ^8  usual,  yields  a  mixture  of  kreatine  and  kreatinine. 
I       Kreatinine  in  a  flask  with  water,  another  with  ammonia,  in  each 
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an  excess  of  the  base  undiBsolved,  after  six  months  was  found  to 
a  eoBsiilerable  extent  tmnsformed  into  kreatine.  Sulphate  of 
kreatiniue  mixed  with  milk  of  lime»  and  the  solution  filtered 
from  the  gj^psiim,  yields  a  solution  of  kreatinine  in  lime  water, 
which,  after  standing  for  eight  months,  on  evaporation,  yields  a 
copious  cTOp  of  ki'eatine  crystals.  The  presence  of  neutral  salU 
also  favours  this  change,  and  still  more  so,  hut  irregularly,  the 
application  of  heat  Indeed,  most  openitions  in  which  kreatinine 
is  set  free,  transform  a  part  of  it  into  kreatine.  Lcuig  boiling 
with  alkali,  such  as  io  urine  treated  with  lime,  according  to 
Liehig's  method,  causes  a  tmnsformation  of  kreatinine  into  krea* 
tine,  which  ma}'  amount  to  two-fifths  of  the  kreatinine  actually 
present,  and  then  partially  escapes,  partially  entei'S  the  comhi na- 
tion with  zinc  chloride. 

Kreatine,  C^Hj^X^O^  +  HjjO. 

Although  kreatine,  as  such,  has  not  as  yet  been  found  in  the 
human  urine  by  a  process  excluding  the  possibility  of  its  forma- 
tion from  kreatinine  during  the  operation,  I  here  subjoin  episodi- 
cal ly  an  account  of  the  modes  in  which  it  can  be  ol)tained  from 
the  juice  of  flesh,  and  a  description  of  ita  physical  and  chemical 
proi>erties  and  its  decomposition  products,  as  a  giiide  to  the 
student,  who  will  certainly  meet  with  this  substance  in  every 
operation  be  may  undertake  for  obtaining  a  8i>ecimen  of  * 
nine  from  human  mine. 

Liehij^B  Method  of  Obtainintj  JCreatine  from  Flcidi, 

In  order  to  obtain  kreatine  pure,  a  quantity,  say  ten  pounds, 
of  Hesh  of  a  recently  killed  animal  is  freed  of  fat  and  finely 
minced ;  five  pounds  are  then  mixed  with  an  equal  amount  of 
cold  distilled  water,  carefully  kneaded  through  by  means  of  the 
hands,  and  then  pressed  strongly  in  a  bag  of  coai^e  linen.  The 
i*esidue  is  now  again  intimately  mixed  with  another  five  pounds 
of  water,  and  again  suViject^d  to  pressure.  The  fluid  from  the 
first  pressing  is  put  aside  for  furtlier  treatment  to  be  described ; 
the  fluid  from  the  second  pressing  serves  towards  the  extraction 
of  the  second  portion  of  the  flesh.  The  first  jiortion  of  Hesh  is  a 
tliird  time  treated  in  a  similar  way  with  live  pounds  of  water, 
and  the  fluid  obtained  by  pressing  is  used  for  the  second  extrac- 
tion of  the  second  portion  of  flesh  ;  the  latter  is  treated  a  third 
time  with  pure  %vater,  and  pressed. 

The  united  fluids  are  Altered  through  a  clean  cloth,  and  filled 
into  a  large  flask  of  glass  ;  the  latter  is  placed  in  a  kettle  with 
water,  which  is  gradually  lieatetl  to  the  kuling  point,  and  kept 
at  that  temperature  until  the  extract  has  lost  its  colour,  and  al- 
bumen and  colouring  matter  have  separated  in  the  form  of  a 
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coagulum.  If  a  portion  of  the  fluid  in  a  test-tube  heated  to 
boiling  remains  clear,  this  operation  is  completed. 

The  fluid  is  now  separated  from  the  coagula  by  filtration 
through  a  cloth,  and  subsequent  pressing.  The  united  fluids  are 
then  filtered  through  paper. 

The  colour  of  the  fluid  so  obtained  is  reddish,  if  extracted  from 
the  flesh  of  the  ox,  doe,  hare,  or  fox ;  but  the  fluid  from  the  flesh 
of  the  calf,  fowl,  or  fish  is  scarcely  coloured.  The  extracts  from 
the  flesh  of  all  animals  are  acid,  from  the  presence  of  free  acid, 
which  must  be  removed  before  evaporating  the  fluid,  as  it  would 
cause  a  dark  brown  colour  of  the  concentrated  fluid,  and  not  per- 
mit the  crystallisation  of  kreatina  In  order  to  remove  this  acid, 
a  concentrated  solution  of  caustic  baryta  is  added  to  the  extract 
as  long  as  a  white  precipitate  is  thereby  produced.  Neutrality  or 
alkalinity  should  not  deter  the  operator  from  adding  the  baryta 
solution  as  long  as  it  produces  any  turbidity. 

After  separation  from  the  precipitate,  which  contains  all  the 
phosphoric  acid  of  the  juice  of  flesh  in  the  form  of  phosphate  of 
baryum  and  magnesium,  the  fluid  is  evaporated  in  shallow  porce- 
lain dishes  on  the  water  or  sand-bath,  care  being  taken  never  to  heat 
it  to  ebullition ;  the  upper  part  of  the  dish  must  never  get  more 
hot  than  the  fluid,  as  a  ring  of  dry  substance  is  formed  thereby, 
which  afterwards,  on  the  addition  of  new  portions  of  fluid,  dis- 
solves, and  on  further  concentration  imparts  a  brown  colour  to 
the  fluid.  The  extracts  from  the  flesh  of  fowl  or  fish  remain 
colourless  and  clear  to  the  last.  If  an  excess  of  baryta  have  been 
added,  a  pellicle  of  carbonate  of  baryum  is  formed  on  the  surface. 
The  extract  from  the  flesh  of  the  ox,  calf,  or  horse,  at  certain 
stages  of  its  concentration,  forms  pellicles  of  organic  matter  on  its 
surface,  which  must  be  removed  as  often  as  they  are  formed. 

When  the  extract  has  been  evaporated  to  about  ^V^b  part  of 
its  volume,  and  has  assumed  a  syrupy  consistence,  it  is  put  into 
a  moderately  warm  place,  and  evaporation  slowly  allowed  to  go 
on ;  very  soon  there  appear  on  its  surface  small,  short,  colourless 
needles  of  kreatine,  which  increase  in  number  by  standing  and 
cooling  of  the  fluid,  so  that  the  walls  of  the  vessel  gradually  be- 
come covered  by  them.  They  are  freed  from  the  mother-liquor 
by  filtration,  washed  with  water,  lastly  with  alcohol,  and  dissolved 
in  boiling  water.  Should  this  solution  be  coloured,  it  is  boiled 
with  a  little  animal  charcoal,  and,  after  filtration,  will  be  as  clear 
as  water.  On  cooling,  it  deposits  kreatine  in  perfectly  pure 
crystals. 

According  to  Gregory,  kreatine  is  obtained  cheaply  from  cod, 
which,  when  chopped,  well  mixed  with  little  more  than  its  own 
weight  of  water,  and  pressed  out,  yields  a  fluid  which,  when 
neutralised  (after  the  coagulation  of  albumen)  by  baryta,  filtered 
to  separate  the  j'hosphate  of  baryum,  and  gently  evaporated  till. 
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on  cooling,  it  forms  a  thin  jelly,  deposits,  on  standiag,  kreatine 
iu  large  crystals,  nearly  pure. 

The  ht^art  of  the  ox  is  another  convenient  material,  rich  m 
kreatiiie,  but  the  cheapest  material  from  wWch  to  obtain  it  is 
urine, 

Stddder*s  Method  of  Obtaining  Krmtinefrom  Fksh, 

Flesh  is  minced,  scraped,  passed  through  a  sausage  machinefc 
or  triturated  with  rough  glass  powder  in  a  mortar.  It  is  then 
mixed  with  a  little  more  than  its  volume  of  spirit  of  wine,  the 
mixture  is  warmed  gently  on  the  water-bath,  and  the  fluid  is 
separated  by  pressing  in  a  calico  bag*  The  spirit  is  next  dis- 
tilled ofl',  the  residual  Huid  is  treated  with  the  necessary  amount 
of  solution  of  basic  acetate  of  lead,  the  hit  rate  from  the  precipi- 
tate is  treated  with  sulphuretted  hydrogen,  and  the  filtrate  from 
the  sulphide  is  evaporated  to  a  syrupy  consistence  in  the  water- 
bath.  After  some  days  crystals  are  formed  in  the  syrup,  whieb 
are  put  upon  bibulous  paper  to  remove  the  mother-liquor,  and  on 
tecrystallisation  yield  pure  kreatine, 

-^  Physical  Properties. 

Kreatine  crj^stallises  in  the  clinorhombic  system.  The  clino- 
diagonal  inclined  to  the  principal  axis  in  an  angle  of  70'*20'j 
inclination  of  the  planes  ao  P:  oo  P  in  the  orthodiagonal  prin* 
cipal  section  =  alwut  133''  2'.  Specitlc  gravity  of  the  crystals 
^  1*35  to  r34.  The  crystals  are  colourless,  perfectly  transparent, 
and  lustrous  They  are  connected  with  each  other  in  tufts  and 
groups,  and  then  resemble  acetate  of  lt;ad.  They  contain  a  mole- 
cule of  water  of  crystallisation,  which  goes  away  at  100*C. 

Chtftiical  Properties. 

Kreatine  is  easily  soluble  in  boiling  water ;  a  solution  saturat 
at  that  temperature  becomes,  on  cooling,  a  mass  of  fine  lust 
needles.  From  a  dilute  solution,  however,  creatine  crystallises 
very  slowly  iu  crystals,  whicli  may  attain  a  length  of  from  one- 
fourth  to  three-eighths  of  an  inch,  and  a  thickness  of  one-eighth 
of  an  inch,  and  will  further  increase  in  size  if  left  io  the  mothi?r- 
liquor  for  some  time. 

1000  parts  of  water  at  IS'^C  dissolve  13*44  kreatine,  or  one 
part  of  kreatine  dissolves  in  74*4  water. 

In  cold  alcohol  kreatine  is  almost  insoluble,  one  part  requiring 
9410  parts  of  alcohol  for  solution.  It  is  more  soluble  in  apirit 
of  wine  containing  some  water. 

The  watery  cold  solution  of  kreatine,  which  contains  a  very 
small  amount  of  that  substance,  has  a  weak  bitterish  taste  and 
causes  a  sensation  of  irritation  in  the  pharynx     If  the  solutioii 
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contains  a  trace  of  a  foreign  organic  substance,  it  changes  very 
easily,  mouldy  vegetations  form  in  it,  and  it  assimieB  a  disgust- 
ing odour 

Kreatine,  even  in  the  largest  quantity,  does  not  neutralise  the 
acid  reaction  of  the  weakest  acids.  Nitrous  acid  gas  passed 
through  a  mixture  of  kreatine  and  water,  dissolves  the  kreatiue, 
and  after  some  time  nitrate  of  kreatine  is  deposited  in  crystals. 
Sulphate  and  hydrochlorate  of  kreatiue  can  also  be  obtained  by 
submitting  mixed  equivalents  of  acid  and  kreatine  to  eviiporaiion 
below  30'' C,  or  in  vacuo.  It  is  soluble  in  bar}^a  water  at  a 
higher  temperature,  but  crystallises  out  of  the  cooling  solution 
without  having  undergone  any  change.  The  cr^^stala  so  obtained 
contain  no  baryta,  and  from  the  solution  the  whole  of  the  baryta 
may  be  precipiti^ted  by  carbonic  acid. 

Decmnposit  ions. 

On  being  boiled  with  ten  times  its  weight  of  crystallised  hydrate 
of  baryta  in  water,  kreatine  is  decomposed,  ammonia  being  evolved 
on  the  one  hand,  and  carbonate  of  baryum  in  crystalline  granules 
fonned  on  the  other.  This  decomposition  will  take  place  even 
though  the  air  be  entirely  excluded  from  inliuencing  the  substance. 

In  solution  there  remains  en  organic  l>aBe  of  the  conipoBition 
C^H^NOj,  sarkosine.  This  formula,  when  deducted  from  the 
elemente  of  kreatine,  leaves  a  formula  which  exactly  corresponds 
to  the  composition  of  urea. 


1  molecule  kreatine,     . 
1  molecule  sarkosine,  . 

Leaves  urea,  . 


CJiiiN^Og  less 
C  H,  N,0 


When  the  boiling  is  interrupted  after  the  evolution  of  am- 
monia has  began,  the  Imiyta  is  removed  from  the  fluid  l»y 
carbonic  acid,  and  the  filtrate  is  evaporated,  it  yields  urea. 

It  is  therefore  evident  that  ammonia  and  carbonic  acid  are 
pTOducts  of  a  secondary  decomposition,  and  derived  from  the  urea. 

A  solution  of  kreatine,  to  which  at  the  ordinary  temperature 
hydrochloric  acid  has  been  added,  gives  on  spontaneous  evaj3ora- 
tion  crj^stals  consisting  of  unchanged  kreatine.  If,  however, 
the  solution  is  heated  with  strong  hydrochloric  acid,  kreatine 
cannot  be  obtained  any  longer  from  the  solution.  The  same 
effect  13  obtained  by  either  sulphuric,  phosphoric,  or  nitric  acid. 
If  kreatine  is  dissolved  in  one  of  these  acids,  and  the  solution  is 
evaporated  at  a  gentle  heat,  the  kreatiue  is  transformed  into 
kreatinine,  which  crystallises  in  combination  with  the  acid 
employed.  This  transfonnation  consists  essentially  in  the  elimi- 
nation from  kreatine  of  two  molecules  of  wat^r 
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1  molecule  kreatine 

2  molecales  water 


=  C,H,,N30,  less 


1  molecule  kreatiDiDe  =  C\H^  X,0 

Kreatine,  mixed  with  aolutioD  of  chloride  of  ziuc,  and  boiled 
for  some  tiiue,  causes  the  pTecipitatioii  of  a  quaatit j  of  kieatiii- 
ine — chloride  of  zinc  A  warm,  oot  boiling,  solation  of  kreatine 
18  not  precipitated  by  chloride  of  zinc^  and  the  crystals  depoeitetl 
from  it  are  pure  kreatine. 

Kieatine  and  kieatinine,  heated  in  watery  solution  with  an 
excess  of  oxyde  of  mercury,  are  decompoaed  uuder  evolutioa  of 
carbonic  acid ;  the  duid  evolves*  a  smell  as  if  kieatine  was  sub* 
jected  to  dry  distillation,  and  contains  a  new  substance — oxalate 
of  methyluramine.  This  sail  is  easily  soluble  in  water,  has  a 
disagreeable  taste,  and  becomes  opaque  on  being  heated  to 
ll>(y*C.,  losing  water.  Treated  with  excess  of  milk  of  lime, 
filtered  and  evaporated  in  vmciio,  methyluramine  remaina.  It  is 
a  strong  base,  and  forms  salts  with  acids;  Its  composition  is 
C^H^N,.  As  kreatinine  may  be  considered  to  be  a  compound  of 
sarkosine  and  urea  minus  water,  so  the  base  may  be  cousiderett 
as  a  compound  of  urea  and  methylamine  minus  water — 

Methyluramine  is  the  methyl-compound  of  a  base  obtained  from 
guanine  by  chlorine,  guanidine. 

Kreatine  can  be  considered  as  glycolate  of  methyl uramine 
minus  water,  sarkosine  as  the  amido-compound  of  glycolic  acid, 
and  methylamine.  Methyluramine  heated  with  potash  evolves 
methylamine.  This  latter  substance  may  be  obtained  from  krea- 
tine directly  by  heating  with  soda-lime. 

Now,  as  kreatine  by  other  modes  of  decomposition  also  yields 
methyl-parabanic  acid,  it  can  be  considered  also  as  a  compound 
of  cyan -am  ine  and  methyl-glycocoll— 

Sarkoiine  also  yields  methylamiue  by  heating  \^itU  soda-limeiJ 
Preferable,  however,  is  the  employment  of  peroxyde  of  lead 
and  sulphuric  iicid.  The  sulphate  is  decomposed  by  chloride  of 
baryum,  and  yields  the  cliloride  of  methylamine. 

Kreatine,  oxydised  by  hut  nitric  acid,  also  yields  methylanuna 
Kreatine  oxydised  with  peroxyde  of  lead   and  sulphuric 
yields  sulphate  of  me tliyl uramine. 

Kreatinine  in  water,  treated  with  nitrous  acid  gas,  effervi 
and  forms  the  nitrate  of  a  very  feeble  and,  by  itself,  insolu 

of  the  composition  O^Hj^^NgOj^  which,  heated  with  excess  of 
hydrochloric  acid  to  100'  C,  forms  oxalic  acid,  chloride  of 
ammonium,  and  th?  sulistance  which  Liebig  found  to  accompany 
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fiat-kosioe,  probably  C^H^N^Og,  A  siiiall  quantity  of  this  base 
is  obtaiDeil  as  a  white  powder,  when  uitrotis  acid  gas  acts  upon 
kreatine* 

Phydology  of  Kreutitie. 

Kreatine  being  present  in  the  muscles,  striated  and  organic,  of 
all  ctassea  of  vertebrate  animals,  and  beiug  absent  from  the  brain, 
liver,  and  kidneys  of  the  same  auiumls,  it  becomes  higJily  pro- 
bable tliat  it  stands  in  a  certain  relation  to  tlie  chemical  chauf^es 
in  these  organs  in  which  it  is  found.  It  seems  to  be  a  product 
of  the  chemical  action  induced  in  the  muscle  by  the  influence  of 
motion.  For  in  wild  and  hunted  animals,  such  as  foxes  and 
|;aiue,  the  quantity  of  kreatine  eontaieed  in  the  muscles  is  much 
"arger  than  in  domesticated  animals.  This  diflfei^nce  in  the 
amount  of  kreatine  produced  in  the  muscular  tissue  ia  very 
strikingly  exhibited  in  the  same  class  of  auimaK 

A  fox  whicli  had  been  fed  on  meat  for  two  hundred  days  at 
the  Anatomical  Institution  in  Giessen,  did  not  yield  one-tenth 
part  of  the  quantity  of  kreatine  which  was  obtciined  from  an 
equal  weight  of  the  tlesh  oi  wild  foxes  which  had  been  shot 

The  amount  of  kreatine  contained  in  the  muscles  of  an  animal 
stands  in  a  close  relation  to  the  quaotity  of  fat  deposited  in  the 
animal,  or  t^)  the  causes  which  determine  tlie  deposition  of  int. 
From  fat  meat  there  are  frequently  obtained  only  traces  of  krea- 
tine, and  under  all  circumstances  a  much  smaller  quantity  than 
from  lean  meat  with  an  equal  amount  of  hbrous  matter.  The 
above-mentioned  fox,  which  had  been  fed  on  meat,  yielded 
above  one  pound  of  fat  from  the  peritoneal  folds,  while  in  wild 
foxes  no  fat  was  perceptible  to  the  eye.  The  heart  of  the  ox,  a 
never-resting  muscle,  contains  13  per  inille  of  kreatine,  and  is 
therefore  frequently  used  for  producing  it  in  (piantities. 

The  tlesh  of  fowls  contains  3-2  per  mille,  that  of  codtish  0*9  to 
17  per  nulle.  The  quantity  of  kreatine  oVitained  from  the  tiesh 
of  man  is  0.67  per  mille,  or  about  the  same  quantity  as  from  beef, 

Ki-eatine  is  truly  excrementitious ;  its  relation  to  urea  proves 
this  beyond  doubt.  Its  exclusive  occurrence  in  the  muscles  shows 
the  seat  of  its  formation  ;  it  is,  with  other  matters,  a  product  of 
the  chemical  changes  in  the  muscles. 

Quantity  Dut^tarycd  in  Twenty- Four  ffoura. 

This  question  seems  of  sufficient  importance  ;  but  few  obser- 
vations have  been  made  on  it.  Aly  own  experiments,  detailed  at 
ithe  end  of  this  chapter,  yield  0*305  grammes  of  kreatine  dis* 
charged  in  the  urine  during  twenty-four  hours,  as  the  average  of 
twenty-six  days  of  two  individuals. 

The  average  of  kreatinine  obtained  from  the  urine  uf  the  same 
individuals  at  the  same  time  was  0*44  grammes  in  24  hours. 
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Calculating  buth  quantities,  without  regard  to  the  slight  differ- 
ence in  oomposilion  as  kreatinine,  as  which  they  were  ^un* 
doubtedtj  present  at  the  time  of  excretion  from  the  body,  we 
have  0745  grn mines  of  kreatinine  as  the  averaije  amount 
excreted  1»y  each  of  these  two  individuals  in  24  hours. 

Neubauer  found  that  a  healthy  man  takmg  mixed  food 
excreted  fnmi  DO  to  1*3  gramoies  of  kreatinine  in  24  hours*  dis- 
**olved  on  an  average  in  from  1500  to  ItiOO  ex.  of  urine.  Several 
other  adult  persons  excreted  from  0  8  to  0*9  grammes  per  day, 
and  a  boy  yielded  0*4  grammes  in  24  hours. 

Varlaitom  of  Kreatinine  Ikptmknt  uptni  Variations  of  Food. 

We  possess  a  very  striking  illustration  of  this  relation  in  an 
observation  made  upon  a  dog  by  Liebig,  This  animal  had,  in  the 
course  of  Bisohotfs  observatiuas,  been  fed  u]mii  meat  only,  then 
npun  meat  and  fat,  and  hi^^tly  upon  fwt  otdy.  It  had  voided 
various  quantities  of  uriue^  which,  ff»r  the  sake  of  prefer* 
vation  and  the  removal  of  phuaphorie  acid,  had  been  mixed  with 
milk  of  lime.  On  evaporation,  the  urine  taken  during  fleeh  diet 
gave  a  crystallisatiou  of  urea  ;  when  this  was  extracted  with 
aU'.obol,  a  white  powder  remained  tindinsolveii,  and  was  found 
to  be  about  <)0  grammes  of  pure  kreatine.  This  urine  contained 
only  traces  of  Icynuric  acii  When,  however,  only  little  or  no 
meat  was  given,  and  the  dog  lived  ni:K)u  fat  mainly,  considerable 
quantities  of  kjniuric  acid  were  obtained  by  hydixichloric  acid 
and  rest,  and  kreatinine  seemed  to  recede. 

Variaiiom  of  Kreatinine  in  Disease, 

III  diseaisc  the  qnantity  of  kreatine^  together  with  that  of 
kreatinine,  might  serve  to  indicate  the  intensity  of  any  spas- 
modic or  convulsive  action,  The  question  as  to  its  quantity  in 
tetanic  and  epileptic  disease  is  one  of  high  interest.  Cases  of 
paralysis  agitans,  in  wbicli  the  spasmodic  action  ceases  with 
sleep»  may  perhaps  afiTord  good  opportunities  for  demonstrating 
the  inibience  of  rest  an<l  motion  ;  though  the  different  nutrition 
iu  tlie  muscle  may  perhaps  vary  the  chemical  changes  in  some 
degree. 

On  the  alleged  researches  of  Schottin  ('*Archiv.  fiir  Heil- 
kunde,"  1860,  417),  see  note  in  appendix. 

OtmrvaHons  on  tlie  Qnmitiitf  of  Krmtinine  ami  Kreaiine  Dis- 
diargrd  in  given  timeji  by  Healthy  IjidimdualB. 

Observalian  1. — Five  days'  urine  from  A,  28  years  of  age, 
weight  of  lj<»dy  70  kilogrammes,  was  treated  for  kreatinine  and 
kreatine  by  Liebig's  process.  The  zinc  salt  was  decomi>osed  by 
hydrated  oxyde  of  lead.  The  mixture  of  the  two  substances  ob- 
tained was  separated  by  alcohol ;  the  alcoholic  solution  of  krea- 
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tiiiine  was  evapomted  to  dryiie^^s  in  a  water-batli.  The  dning 
process  was  completed  with  a  chloride  of  calciiiiii  tulie  aod  an 
aJr^punip*     There  was  obtaiQed  kreatinine,  3 '1292  grm. 

The  krentiue  which  coDstituttid  the  residue  from  the  alcoholic 
extraciion  was  washed  into  a  silver  capsule  with  boiling  water, 
tind  evaporated  to  dryness.     Its  weight  was  2 "0475  gvuh 

This  give^  0  ti2oS  grm.  of  kreatiniiie  per  day,  and  0'4095  grm. 
I  irf  kreatiiie  per  day. 

(^mrvaiimi  2. — Four  days'  urine  from  A,  treated  as  usual,  th 
zinc  salt  decomposed  with  lead,  no  charcoal  used. 

There  were  obtained  kreatinine»  1^4532  gnu.,  equal  to  0*3633 
grm.  for  twenty-four  hours. 

The  alcoholic  extraction  left  kreatiue,  1'2120  grm.,  equal  to 
0*3030  grm.  for  twenty-four  houi-s, 

Oi*$^rmiion  3. — Two  days*  urine  from  B,  aged  28,  weight  of 
p72  kilograiimies.  There  w^ere  obtained  two  portions 
aride  of  zinc  kreatiuine,  the  second  portion  not  quite 
pure:  It  was  tliei'efore  recrystallised,  and,  tc»gt:tber  with 
the  fii^st,  dissolved  in  boiling  water.  The  zinc  was  then  pre- 
cipitated by  sulphuretted  hydrogen^  after  a  little  ammonia 
been  added  to  the  solution.  The  mixture  stood  for  seveml 
^s  to  allow  of  perfect  precipitation  of  the  sulphuret  of 
zxfxc.  But  when  the  filtrate  was  evaporated,  redissolved,  and, 
after  a  new  tiltmtion,  re*evap orated,  there  was  always  agaiu 
sufficient  sulphuret  of  zinc  formed  to  constitute  an  impurity. 
During  tliese  proceedings  it  was  found  that  the  ammonia  which 
bad  been  added,  and  which  must  have  formed  chloride  of 
lium  with  the  hydrochloric  acid  from  the  zinc  salt,  was 
Jly  driven  out  by  the  kreatiuine,  and  the  last  portions  of 
it  disappeared  with  the  idcohol  which  evapomted  from  the  krea- 
iijiijie.  The  hydrochloric  acid  was  removed  with  oxyde  of  lead 
aod  charcoal,  the  filtrate  evaporated,  the  mixture  of  the  residue 
obtained  was  separated  by  alcohol,  and  tlie  quantities  of  sub- 
stances obtained  were  as  follows  :■ — 

2  days*  krejitinine,  .    0B182  grm. 

^"  days  kreatine,  0*0185     ,, 

*Thc  kre^itine  contained  yet  a  very  slight  amount  of  kreatinine ; 
"the  figures  for  kreatiuine  are  thei*efoix3   somewhat  below   the 
actual  amount,  those  of  kreatine  a  little  higher  i — 

1  day  8  kreatinine,  ,  .  .     0*4091  grm. 

1  day  8  kreatine,      .  .  .     0-3092     „ 

OhstTVdium  A, — Five  days'  urine  from  B,  yielded  4363  ^^i. 
of  chloride  of  zinc  kreatinine  (and  kreatine  as  an  admixture.) 
After  having  l>een  dissolved  in  boiling  water,  and  made  alkaline 
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with  ammijiua,  a  current  af  sulphuretted  hydrogen  was  passed 
through  the  sohitioa  for  several  days;  the  yellowish-whit© 
sulplmret  of  zinc  waa  therel»y  precipitated.  The  tiltrate  was 
boiled  for  a  leugtli  of  time  to  drive  the  aimnonia  out  of  its  coin- 
biaattou ;  it  was  the  a  evaporated,  and  the  dried  resiilue  was 
treated  with  alcohoK  There  were  obtained,  cldoride  of  kreati* 
nine,  2'4U72  grm.,  which  ig  equal  to  2*^3  grin,  cldoride  of  zinc 
kreatinine,  which,  deducted  from  the  above  4*363  grm.  of  zinc 
salt,  leaves  1*433  j^rm.  for  the  kreatiue  contained  in  the  zinc  salt 
as  an  admixture. 

The  kreatine  obtained  weighed  11201  grm. 

Kreatine  calcnlated,  *  .     1*433  gnu, 

Kreatine  found,  ,     l*r2Ul  „ 


Loss 031 20  „ 

Thbloss,  when  distributed  over  the  different  operations,  and  in 
part  accounted  for  by  the  abstraction  of  colouring  matter  by  the 
lead  and  tlie  charcofil  used  for  the  purpose,  is  intelligible.  The 
experiuieni  illiLstrates  the  proportions  between  the  kreatine  on 
the  one  hand,  and  the  kreiitiiiine  zinc  salt  on  the  other,  con- 
tained in  the  crystallised  substance  obtained  from  the  urine. 

Secreted  in  5  days,  kreatinine,  1-8322  grm. 

kreatiue,      11201     „ 

Secreted  in  1  day,  kreatinine,  0*3 G64     „ 

„        kreatiue,     0  2240     „ 

Observation  o. — Five  days'  urine  from  ^,  yielded  6*7663  grm. 
of  crystallised  substance  (chloride  of  zinc  kreatinine  and  krea- 
tine mixed),  washed  and  dried.  From  this  the  amount  of  kreati- 
nine and  kreatine  was  ascertained  by  c:dculation.  upon  the  basis 
of  the  parts  found  in  the  fourth  observation, 

4-3630  grm.  of  crystallised  zinc  salt  yielded  1-8322  grm.  of 
kreatiniue ;  therefore  6'7663  grm.  of  zinc  salt  prove  2'8373  grm. 
of  kreatinine,  and  17370  grm.  of  kreatine  to  have  been  secreted 
during  five  days. 

Excreted  in  1  day.  kreatinine,  0  5674  grm. 
,»  ,,        kreatine,     0  3474     „ 

Ohsrrvation  6. — Five  days'  urine  from  A,  }4elded  a  quantity  of 
crystallised  zinc  salt,  which  was  washed,  redissolved  in  boiling 
water,  filtered,  evaporated,  and  dried  Waeu  dry,  it  was  a 
powder-like  mass  of  a  liglit  yellow  colour,  a  sample  of  which, 
when  bnrued  on  platinum  foil,  left  pure  oxyde  of  zinc  on  the 
foil»  When  exposed  to  the  air,  it  attracted  very  little  moisture. 
Its  weight,  when  proj^»erly  dry,  was  4  G3l]4  grm.  The  amount  ol 
kreatinine  and  kreatine  was  calculated  upon  the  liasis  of  observa- 
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tiou  4 — 1*9453  grm.  of  kreatinine  contained  in  the  zinc  salt; 
11892  grm.  of  kreatine  contained  as  an  admixture  in  the  zinc  salt. 

There  was  a  second  portion  of  crystallised  substance  obtained 
from  the  mother-liquor.  It  was,  however,  impossible  to  free  it 
from  impurities,  and  it  could,  therefore,  not  be  approached  by 
quantitative  analysis.  The  above  values  are,  therefore,  only  ex- 
pressive of  a  minimum,  since  there  was  certainly  more  kreatine 
and  kreatinine  present  in  the  urine  than  could  be  obtained  pure. 

The  above  observations  of  the  quantity  of  kreatinine  and 
kreatine  discharged  by  healthy  individuals  in  a  given  time,  have 
been  arranged  in  the  following  tables  : — 
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NOTES  TO  KREATININE,  &c. 

To  SUideler^s  Mode  of  Obtainmg  Kreatine, 

1  have  on  one  occasion  treated  18  pounds  of  fresh  doga'  flesh  with  methy- 
lated alcohoL  The  operation  of  extraction  was  very  agreeable,  but  the  distil- 
lation of  the  extract  was  very  difficult  The  ultimate  extract  yielded  me 
much  less  kreatine  than  a  similar  amount  of  water  extract  would  have  done. 
But  a  little  more  kreatinine  chloride  of  zinc  was  obtained,  when  after 
removal  of  the  kreatine,  this  salt  was  added.  After  long  standing,  lactate 
of  zinc  and  xanthine  zinc  were  found  deposited. 

To  Variations  of  Kreatinine  in  Disease. 

Parkes  ("  The  Composition  of  the  Urine,*'  p.  21)  gives  an  abstract  of  the 
paper  by  Schottin  alluded  to,  which  concludes  with  the  remarks  : — "  The 
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objection  to  these  obHervidiona  is^  that  we  are  harrlly  yet  ncqtmintrd  ys  r' 
phyaiologicitl  excretion  of  kreatine.     Either  Schuttiii  has  plaiied  it  too  i 
ThndichuDi  too  high/' 

Any  porfton  acqii;unted  with  cbemical  (inaly^^is  cjiti  see  at  a  {^liincc  tluU^  of 
the  proe<'ediii{4  adopted  hy  Sehottin  for  extmctitig  kneatine  luad  kxeftliidM 
from  urine,  faikire  is  more  likely  to  be  the  result  than  sucoeuft,  I  h*d  fisnil 
my  own  opinion  of  the  pap«^r  of  Sehottin, — '*  the  result  of  thre«  J9vnf 
IjiboujHj*' — wh**ti  11  paper  by  Vuleiitliier»  in  the  same  Archiv,  ciiu»4»«l  mt  to 
cbange  my  opinion  for  4i  very  ditFerent  one.  The  statements  of  Val<*ntiijfT, 
coupled  with  the  intrinsic  evidence  contained  in  the  paper  of  Sehottin,  har** 
aatbfied  me  that  Sehottin  cannot  lie  belkved,  fechottin  bus  ni.t ' 
lesearches  on  krvaline  and  kreatinine.  His  three  years*  kbours,  if,  r. 
he  did  undergo  any,  were  directed  upon  finding  allantoine.  After  ValentintT, 
in  a  private  couTersatiou^  had  dniMn  his  attention  to  hi«  miHt^ke^  aod  told 
him  that  the  alleged  allantoine  looked  very  much  like  kreatininr.  ^  '  '  >t 
atraijihtforwardly  condemn  his  KO-c4dled  researches,  and  start  air  c 

fsimply  substituU'd  the  words  kreatine  and  kreatinine  for  the  woni  mi^uii^jin^ 
wherever  it  occurred  in  his  manuscript,  and  sent  the  article  to  pre*s. 

Parkei^^  therefore,  unduly  questioned  my  ob&enatiuna  of  the  phy*aol«»gical 
qnantity  of  kreatine  nnd  kreatinine  excreted  by  two  healthy  men.  So  fkr 
from  placing  it  too  high,  I  have  actuaUy  given  reasons  why  the  quantities 
which  I  have  found  were  onl)'  exprctssive  of  a  minimum^  and  did  probably  not 
represent  ihe  whole  nmrjunt  of  these  substances  prtaent  in  the  urine  atmlrsed. 
The  resrarches  of  N(Hjhauer,  quoted  in  the  text,  have  fully  borne  out  my 
anticipations  and  anatyftes. 

I  preserve  u  quantity  of  almost  white  chloride  of  zinc  kreatinine,  which  I 
obtained  in  the  researche«i  first  pnbllshed  in  the  first  edition  of  this  tn*nttH% 
p.  12(5,  ct  $eq.  Although  it  hm  heL'U  purified  by  decomposition  and  repre- 
cipitation,  %  proceeding  which  entails  considcmble  loss  of  HubKtance,  it  never- 
theless yet  amounts  to  150  graim*,  and  ttlL*  the  space  of  a  fluid  ounce.  What 
a  critidbni  of  Schottin^s  **micro.^copical  traces"  and  Parker's  doable > 
(**  Transiictions  of  the  Medical  Society  of  London,**  lb62,  2,  104,  footnote  to 
an  article  on  Azotiiria), 


CHAPTER  IX. 
REDUCINE,  CeHiiNgO,. 


HISTOKY  AND  UTERATURE. 

This  alkaloid  was  discovered  by  the  author  in  1874,  and  first 
described  in  Report  of  the  Medical  OflBcer  of  the  Privy  Council, 
new  series.  No.  VI.  p.  211,  1875. 

Isolation  of  the  Alkaloids  contained  in  Human  Urine. 

Fresh  healthy  human  urine  was  shaken  with  a  little  animal 
charcoal  to  collect  the  mucus  and  epithelial  elements,  filtered, 
strongly  acidified  with  sulphuric  acid,  and  then  precipitated  by 
phosphomolybdic  acid.  The  collected  precipitate  was  washed 
with  water  containing  a  little  sulphuric  acid.  It  was  then 
decomposed  with  hot  baryta- water  in  slight  excess ;  this  excess 
was  removed  by  carbonic  acid  and  boiling,  and  the  filtrate  evapo- 
rated to  a  small  bulk.  On  cooling  it  formed  a  deposit,  which 
was  proved  to  be  pare  urate  of  haryum.  It  was  specially  proved 
that  it  contained  no  hypoxanthine.  The  yellow  filtrate  contained 
much  urochrome,  giving  on  decomposition  with  hydrochloric 
acid  and  boiling  uromelanine,  uropittine,  and  evolving  smell  of 
omicholic  products.  It  was  therefore  treated  with  neutral  lead 
acetate,  after  this  with  tribasic  lead  acetate,  and  ultimately 
with  this  and  some  ammonia.  The  united  precipitates  were 
further  treated  as  will  be  stated  below.  The  filtrate  from  the 
lead  precipitates  was  freed  from  excess  of  lead  by  hydrothion 
and  concentrated ;  it  was  now  free  from  urochrome,  but  con- 
tained yet  two  alkaloids,  of  which  one  was  h'caiinine,  the  other 
an  alkaloid  hitherto  unknown,  and  to  which,  on  account  of  its 
remarkable  chemical  properties,  I  give  the  name  of  reducine, 

TJie  lead  precipitates  were  united  and  decomposed  by  hydro- 
thion. The  first  watery  filtrate  was  strongly  yellow,  and  on  con- 
centration and  cooling. deposited  pulverulent  xanthine.  This 
was  separated  from  urochrome  by  filtration,  redissolved  in  boiling 
water,  identified  by  argentic  nitrate  test  in  nitric  acid  solution, 
and  combined  with  silver  oxyde  by  treatment  of  the  nitrate  salt 
with   excess  of  caustic  ammonia.      Filtered,  redissolved,  and 
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i*eprecipitated,  and  burnt,  0484  grm.  dried  at  100"*  gave  0*251 
grm.  Ag  equal  to  51  85  per  cent 

A  salt  iJ^H^T>(fi^,A^fi,2Ufi,  would  yield  51-4  per  cent  Ag, 
Tlie  salt  without  the  two  molecules  of  water  requires  56'2  per 
cent,  Ag. 

The  lead  sulphide  waa  further  extracted  with  large  quantities 
of  alcohol  of  85  per  cent,  which  on  concentration  to  a  smi  " 
bulk  deposited  much  xauthinc\  and  left  urochrome  in  solutioi 
This  urochrouie  solution  was  united  with  the  main  quantit; 
previously  extmcted  by  water.  The  mixture  was  proved  to 
free  from  chlorine,  and  free  from  raiuctne.  It  was  now  evarH> 
rated  in  vacuo  over  sulphuric  acid,  treated  with  alcohol  to 
separate  the  xantliine  as  much  as  possible,  filtered,  and  the 
alcohol  evaporated.  The  residue  was  treatf'd  with  b^'dro- 
chloric  acid,  and  yielded  uromelajiinc  and  uropiUine  with  all 
their  well-known  properties.  The  presence  of  omicholine  wi 
doubt  fuL 

The  mother-liquoT  from  ihem  hodies,  suspected  to  contain  some 
xanthine,  was  treated  with  phosphoraolyhdic  acid,  and  the  preci- 
pitate obtained  was  decomposed  with  baryta.  The  product 
dissolved  in  nitric  acid,  was  precipitated  from  this  by  silver 
nitrate;  the  compound  dissolved  in  excess  of  nitric  acid  on 
heating,  was  precipitated  from  this  by  excess  of  ammonia,  ami 
rcdmolffd  in  a  (p^eat  e.r€€s»  of  ammonia ^  leaving  only  some  slight 
impurity  undissolved.  The  solution  waa  boiled  to  expel  the 
excess  of  ammonia,  and  tlie  precipitate  wliieh  fell  during  the 
boiling  was  isolated,  nnd  the  silver  contained  in  it  determined, 

0-039  ^im  left  0'0174  grm.  Aji?  =  44162  per  cent  This 
compound  tlierefore  contained  much  less  silver  tlian  the  theo- 
rcticij  xanthine  compound,  or  the  compound  analysed  above. 
On  combustion,  too,  it  behaved  ditterently  from  the  xanthine 
compound;  for  it  swelled  up,  and  left  a  cone  of  spongy  meta!" ' 
while  the  xanthine  salt  burns  quietly  without  swellin*,'  up,  and 
leaves  a  jiearly  white  metallic  i-esidue. 

Reducing — The  filtrate  from  the  lead  precipitates  described; 
above,  as  containing  this  substance  and  kreatinine,  was 
from  lead  by  hydrothion,  and  evaporated  to  dryness  while  being) 
stirred  on  the  water-bath.  The  residue  was  treated  with  boiling 
absolute  alcohol,  and  Ihe  decoction  filtered  hot.  A  voluminous 
baiyiim  salt  remidned  on  the  filter,  while  a  yellowish  matt-er 
dissolved  in  the  alcohol  The  former  was  rrducin^A^riium,  the 
latter  mainly  kreatinifu. 

Rtdurim-Barynnu — It  was  easily  soluble  in  water,  and  after 
burning  left  baryum  carbonate.  On  addition  to  the  solution  of 
some  nitric  acid  and  silver  nitrate  a  precipitate  was  produced, 
which  immediately  became  dark  and  black  in  the  cold.  With 
mercurous  nitrate  and  nitrite  it  gave  an  immediate  black  preci- 
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pitate ;  with  mercuric  chloride  it  gave  a  white  precipitate  which 
was  not  changed  by  boiling ;  with  cupric  acetate  and  boiling  it 
gave  a  flaky  precipitate  which  became  brown ;  with  Fehling's 
solution  and  boiling  it  gave  no  reduction. 

Analysis  of  the  baryum-compound  dried  at  100^ 

0-4540  grm.  gave  04520  002=27092  per  cent.  C.  and  0:1750 
gm.  HjO  =  4-282  per  cent.  H. 

0-2628  gnn.  gave  33-3  c.c.  gas  nonnal  =  15*850  per  cent.  N. 

0-4490  grm.  gave  0*1940  BaSO^  =  25-400  per  cent.  Ba. 

Per  Cent.  -h  At  W.  -r  Ba  =  1. 

C  -  27092  -  2-257  -  122 

H  -  4-282  -  4-282  -  231  . 

N  --  15-850  -  1-132  -       60 

Ba  -  25-400  -  0-185  -       10 

O  -  27-376  -  1-711  -       9-2 

If  the  substance  be  considered  as  a  monobasic  acid,  these 
figures  lead  to  the  formula — 

If  it  be  considered  as  a  dibasic  acid  they  lead  to  CjgHg^NgOg  as 
the  fonnula  of  the  free  substance.  Of  this  the  molecular  weight 
would  be  396,  while  the  molecular  weight  pointed  to  by  the 
quantity  of  baryum  is  402. 

The  foregoing  figures  and  fonnuloe  are  given  with  the  reserve 
imposed  by  the  limited  quantity  of  material ;  but  small  changes 
in  proportions  can  detract  nothing  from  the  essence  of  the  new 
facts.  The  isolation  of  reducine  has  been  effected  by  the  appli- 
cation of  a  reagent  of  special  action  on  alkaloids.  This  is  the 
principal  proof  of  the  alkaloidal  nature  of  the  new  body ;  that  it 
combines  with  bases  after  the  manner  of  acids  need  cause  no 
surprise,  as  there  are  many  substances  known  to  chemistry 
which  have  similar  properties ;  the  best  known  amongst  these  am 
the  amido-acids,  like  glykocoll. 

Kreathie  and  Kreatinine. — The  alcoholic  solution  filtered  from 
the  reducine  just  described  was  evaporated,  and  the  residue 
extracted  with  little  absolute  alcohol  to  remove  kreatinine  and 
leave  kreatine;  the  residue  was  dissolved  in  hot  water,  and 
decolorised  by  boiling  with  animal  charcoal.  It  was  then 
allowed  to  crystallise,  and  yielded  three  successive  crops  of 
crystals. 

First  Crystals — Kreatine, — The  air-dry  crystals  had  the 
appearance  of  kreatine,  and  their  nature  was  verified  by  a  deter- 
mination of  the  water  of  crystallisation. 

0*4596  gm.  dried  in  vacuo  over  sulphuric  acid  lost  0*5076  gm. 
or  12-53  per  cent.  Hj^O.     The  theory  of  Cfi^fi^^Bfi  requires 


12-08  per  cent*    The  ciystak  were  tlierefare  kiaatiie.    It  it  ^ 
kfioirii  that  kreadjiiiie,  vbeo  freed  from  its  combiittlioitt,  4 
MTiicitliirly  in  Wftrm  burta  wmier.  is  easily  tnuisforiiied  ii 
Kmline,  snd  thae  bodies  aie  thetefore  netrij  always 
dde  bf  iid«  in  oeitain  proportioiUL 

The  aeoood  and  third  cryslak  vera  ool  any  furtber  analyaedgl 
but  asflitiDied  to  consist  mainty  of  lev  pitFe  kreatine. 

The  alooholie  extract  auppoeed  to  ooDtain  the  kreatinine  was  ^ 
precipitated  with  alooboUc  sololMni  of  zinc  chlorideL  The 
TJacons  Q  piecipiitBte  was  bmd  bom  mcAlier-Iiqiior  by  pr 
ae  far  aa  pgadicaWei,  rediaolTed  in  m  miniingm  of  warm  waterJ 
and  repteci{iitaled  by  absolute  alcoboL  Dried  over  aalphorim 
add  and  ummatdy  at  100^  C,  it  constituted  a  highly  electrici 
powder.  In  this  the  chlorine  was  detenxLined  by  two  diflerent 
methods  i — 

(a.)  By  dissolring  in  dilute  nitric  acid  and  precipitating  by 
silver  oitrate — 
booU  gm.  dried  at  100*  gave  0-3660  gm.  AgCl= 
16  27  per  cent.  CL 
(iw)  By  fosion  with  caustic  soda  and  nitie^  and  precipitattug 
aolntion  with  silver  nitrate— 

0-4720  gm.  gave  0-3136  gm.  AgCl  =  16*43  per  cent 
CI. 

The  compound  was  therefore  not  a  kreatinine  salt»  which 
loqairaa  19*6  per  cent.  CL  This  was  further  confirmed  by  the 
delennination  of  the  zinc  (in  the  nitric  acid  mother-liquor  from 
Analysis  (a)  after  removal  of  the  excess  of  silver  by  hydrochloric 
add),  as  carbonate  in  the  usual  manner.  There  were  obtained 
0-1640  gm,  ZnO,  equal  to  23  15  per  cent  Ztl  The  kreatinine 
aalt  would  require  only  1783  per  ceut  Zu. 

Alter  drying,  the  body  did  not  completely  redissolve  in  water, 
but  left  white  flocks  insoluble.  The  filtrate  left  on  evaporation 
an  uocrystaUisahle  salt,  mixed  with  crystals,  which  were 
aepamted  by  their  insolubility  in  little  cold  water.  The  dis- 
aoived  amorpboua  body  gave  with  ferric  chloride  a  precipitate, , 
which  waa  permanent  on  boiling,  and  thereby  reminded  of  tha 
bahaviour  of  the  bodies  of  the  kiyptophanic  group  of  extractive 
adda 

The  pfaoaphomolvbdic  acid  process  is  thus  shown  to  remove 
from  nrine  several  alkaloids,  of  which  one  at  least  is  new, 
redueifu;  another  body,  urorhrome,  now  shown  for  the  first  time 
to  be  an  alkaloid;  xatUkim,  known  to  belong  to  the  class  of 
org^c  baaea ;  kreaUnini,  also  known  and  mostly  obtained  as 
kjBatine ;  and  two  not  yet  well  characterised  bodies,  of  which 
the  one  fonus  a  silvercompound,  the  other  a  zinc  salt,  and  is 
precipitated  by  ferric  chlorida 
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The  physiological  quantities  of  these  substances  are  probably 
not  so  small  as  one  might  be  induced  to  believe  from  the  small 
quantities  actually  isolated  even  from  considerable  quantities  of 
material  by  the  above  process ;  for  the  phosphomolybdic  preci- 
pitate is  not  very  insoluble,  and  consequently  much  is  lost  in  the 
voluminous  mother-liquors ;  these  had  in  the  first  instance  to  be 
operated  upon  without  the  employment  of  heat ;  but  evaporation 
may  in  future  be  tried  with  certain  precautions  without  fear  of 
destroying  the  substances  above  described.  The  phospho- 
molybdic acid  undergoes  some  reduction  in  the  urine,  which 
becomes  deep  green  from  the  admixture  of  blue  oxyde  to  its 
naturally  yellow  colour.  It  is  probable  that  a  portion  of  the 
reducine  contributes  to  this  effect,  and  after  its  oxydation 
escapes  the  further  steps  of  the  process.  Then  the  baryta 
process  is  undoubtedly  unwieldy,  and  likely  to  produce  loss, 
particularly  of  bodies  of  the  xanthine  group.  On  the  whole, 
however,  the  process  yields  a  considerable  amount  of  new  and 
useful  information,  which,  when  suitably  applied  hereafter, 
cannot  fail  to  produce  interesting  and  important  practical 
results. 


CHAPTER   X. 
IirPPURlC  ACID,  LVi^Ni >3. 


HISTORY  AND  LITERATUUE. 

RouELLE,  in  1784  ('"  Joiirn.  <le  MeU"  40),  discovered  a  peculiar 
acid  in  the  urine  of  cows,  described  itg  properties  and  differences 
from  benzoic  acid,  jukI  siiowed  that  it  wns  destroyed  daring  the 
putrefaction  of  the  urine.  Fijurcroy  and  Vauqnelin  (1m  8, 
**  Journ.  de  hi  So<.*.  des  Pharniaciens  a  Paris,"  No.  VL  41,  and 
torn.  14,  123)  repeatetl  the  observation  •)f  Rouelle,  and  separated 
tlie  iicAd  from  tlie  urine  by  the  addition  of  hydrochloric  acid. 
They  then,  for  the  purpose  of  purifying  it,  as  they  thought,  snb- 
jected  it  to  sublimation,  thus  destroyed  the  hippuric,  and 
obtaininj^  benzoic  aiiid,  erroneously  declared  this  latter  to  be  the 
acid  of  Rouelle.  With  the  exception  of  Pnjust  ("  Ann.  Chim." 
14  (1820),  2K0),  who  found  benzoic  acid  as  a  product  of  the 
putrefaction  of  human  urine,  an^l  of  the  distillation  with  acids  of 
the  extract  of  fresh  urine,  animal  chemists  did  not  pay  any 
attention  to  the  subject  of  Rouelle's  observation,  until  Liebig 
resumed  its  study  ("  Poggend.  Ann."  17  ;1829),  389),  and  fuUy 
ascertained  the  peculiarity  and  chemical  character  ef  hippuric 
acid,  as  the  name  indicates,  from  horses'  urine  ("  Ann.  Chem.* 
12  ri834),  20;.  Ure  (1840,  **  Me«l.  Chir.  Transact."  26)  and 
Keller  (**  Ann.  CheuL"  43,  108)  showed  that  benzoic  acid,  when 
taken  into  the  stomach,  is  transfonned  in  the  body  into  hippuric 
acid,  and  excreted  as  such.  Liebig  ("  Ann.  Chem."  50,  161) 
next  proved  that  it  was  a  normal  ingredient  of  the  urine  of  man ; 
anrl  the  observation  of  Ure  and  Keller  found  a  parallel  in  that  of 
I)ess}iigiie*t( "  Compt.  rend."  21, 1224),  who  effected  the  formation 
of  hippuric  acid  from  benzoic  acid  and  glykocoU  by  chemical 
syntliesis. 

Occur  re  no:. 

Hippuric  acid  is  a  regular  ingredient  of  the  urine  of  man,  the 
herbivorous  mammals,  such  as  the  horse,  from  which  it  takes  its 
name,  horned  cattle,  camels,  elephants,  goats,  sheep,  hares,  and 
rabl)its.  It  is  found  in  guano,  the  excrements  of  sea-birds,  as 
hippurate  of  ammonium,  and  has  been  repeatedly  observed  in 
the  excrements  of  the  Greek  tortoise. 
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1.  From  human  urine.  Fresh  urine  is  treated  with  milk  of 
calcined  magnesia,  filtered  and  evaporated  in  the  water-bath  to 
a  syrupy  consistence.  The  residue  is  worked  into  a  bottle 
which  can  be  stoppered,  and  after  the  addition  of  some  hydro- 
chloric acid  is  shaken,  with  at  least  an  ef|ual  volume  of  ether, 
which  dissolves  the  hippuric  acid*  When  the  extract  of  the 
urine  was  rather  ilnid,  the  mixture  does  not  separate,  because  the 
ether  is  enclosed  in  the  fluid,  the  whole  forming  a  kind  of 
emulsion.  But  the  separation  of  the  ether  can  mostly  be 
effected,  if,  after  the  mixture  has  stood  for  an  hour,  one-twentieth 
of  its  volume  of  alcohol  be  added  In  that  case  the  froth  dis- 
appears, and  the  fluid  separates  into  two  layers,  of  w^hich  the 
upper  and  Jighter  one  contains  the  hippuric  acid ;  but  at  the 
same  time  there  is  some  urea  dissolved  in  it  by  means  of  the 
tdcohol  which  has  been  added.  This  layer  is  now  carefully 
removed  by  means  of  a  syphon,  and  shaken  with  small  portions 
of  water :  the  alcohol  and  urea  combine  with  the  water,  and  the 
hippuric  acid,  together  with  some  colouring  matter,  remain  dis- 
solved in  the  ether.  By  evaporation  the  acid  is  obtained  in 
crystals,  w  hich  generally  are  of  a  yellowish  or  brown,  colour, 
from  a  I'esinoiis  substance,  which  may  be  removed  by  animal 
charcoal. 

If,  however,  the  extract  of  the  urine  was  of  the  proper  con- 
sistence, it  will,  after  shaking  with  ether,  generally  subside  to  the 
bottom  of  the  glass  after  a  short  time  of  standing,  and  the 
ethereal  solution  will  float  on  the  top,  and  not  require  the  addition 
of  any  alcohol  It  may  be  removed  by  a  s^^hon  fixed  in  the 
perforated  cork  of  a  flask,  so  as  to  admit  of  being  filled  by 
suction  at  another  bent  tube  inserted  by  the  side  of  it.  The 
ether  in  the  flask  is  distilled  oft",  and  the  fluid  residue  poured  into 
a  small  glass,  and  mixed  with  some  water.  After  some  standing, 
and  in  some  cases  almost  immediately,  hippuric  acid  is  deposited 
in  silky  needles.  If  a  large  amount  of  hippuric  acid  is  present, 
the  fluid  is  sometimes  transformed,  on  the  addition  of  water,  into 
a  solid  mass  of  silky  crystals. 

After  sufticient  time  has  been  allowed  for  the  ciy stall isation  of 
the  acid,  it  is  put  on  a  small  filter  and  washed  with  cold  water. 
By  redisBolviiig  it  in  water,  and  boiling  it  with  some  animal 
charcoal,  it  is  obtained  after  evaporation  crystallised  and  pure. 

When  it  is  intended  to  obtain  the  whole  of  the  hippuric  acid 
contained  in  any  given  quantity  of  urine,  the  exti-act,  after  its 
lllit  remnants  on  the  evaporating  dish  have  been  washed  into  the 
bottle  by  means  of  the  hydrochloric  acid,  must  be  shaken  with  its 
bulk  of  ether  from  six  to  twelve  times.  Although  in  most  cases 
five  or  six  applications  of  ether  will  be  sufficient,  in  a  minority  of 
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eiisea  the  ei  traction  of  the  acid  ia  not  completely  effected  thereby. 
It  b  therefore  Deeedaary  to  repeat  the  extraction  with  ether  until 
the  lesidoe^  after  evaporation,  does  not  any  longer  yield  any 
crystals* 

2,  Fffym  (hr,  urim  a/konteg  or  ernes  the  acid  may  aometiiDei  be . 
obtained  in  the  form  of  a  yeDowiah-brown  powder,  by  thei 
addition  of  hydrochloric  acii  Riley  ('*  Joum.  Chem.  Soa"  5,  97) 
recoromenda  to  add  6  per  cent  of  this  acid  to  the  nrine,  as  be 
baa  foxtnd  that  hipmiric  acid  ia  much  less  soluble  in  atrot^y  j 
add  than  in  alightly  acidulated  fluids.  This  proceeding  ia  quite  | 
iatiifactory  when  applied  to  the  urine  of  animals  fed  npongraaa* 
Kraut  f*'Henneli€rg,  Joum.  L  d.  Landwirthschaft,"  6  (9),  483.  and 
Chem.  Centr  Bhitt,  52,  1858)  examined  the  urine  of  cows  which 
had  been  out  to  grass  during  the  moraing  from  8  to  11,  had  { 
then  been  milked  in  the  shed  and  fed  upon  some  maize  straw. 
At  two  o'clock  their  urine  had  an  acid  reaction,  and  on  addition 
of  hydrochloric  acid,  yielded  so  considerable  a  precipitate,  that 
f  rt^m  1 20  pounds  of  urine,  upwards  of  one  pound  of  raw  hippuric 
add  was  obtained.    It  is,  however,  not  so  with  the  urine  of  animals 
fed  upon  clovrT  or  grains.     In  this  latter  case  it  is  preferable  to 
C'jncciitnitr  the  neutralised  urine  to  one^sixth  or  one-eighth  of 
Its  origiiml  volume  before  adding  hydrochloric  acid. 

The  crystals  so  obtained  have  got  a  brownish  colour  and  a  dia- 
f^peoftble  rfjftinous  (hIouf.  which  must  be  removed  by  a  purifying 
pM$9§*  The  Holiition  in  water  is  boiled  with  some  caustic  lime 
and  filtered  ;  to  the  filtrate  chloride  of  lime  ia  added  until  the 
uriiinus  odnur  liaa  disapijcured.  Animal  charcoal  ia  now  mixed 
with  the  flyid  until  tht/  hltmte  is  colourless  ;  the  filtrate  is  mixed 
with  hydrnclilnrir  acid,  and,  on  cooling,  deposits  hippuric  acid, 
jjerfectly  white  mid  pure  (Liebig). 

The  following  proceiis  for  imrifying  coloured  hippuric  acid  haa 
been  described  by  Gossman  ('*  Lieb.  Ann."  99,  364) :— The  raw 
nmterinl  is  recrystallised  once  from  boiling  water.  The  cr}'atala 
are  then  dissolved  in  a  sufficient  quantity  of  dilute  caustic  8oda> 
the  solution  is  heated  to  one  inonient's  ebullition,  and  a  solution 
of  permanganate  of  potash  is  added  drop  by  drop,  until  a  small 
quantity  of  fUtered  solution  is  precipitated  white  by  hydro- 
chloric acid.  The  entire  solntiou  is  then  filtered  from  the  oxyde 
of  manganese,  and  yet  hot  treated  with  a  slight  excess  of  hydro- 
chloric acid.     On  cooling,  pure  hippuric  acid  cryatallisea. 

?j.  Bessaigiies  prepares  hippuric  acid  as  follows; — Urine  ia 
concentrated  and  allowed  to  stand  for  twenty-four  hours.  It  ia 
then  decanted  and  precipitated  cold  by  hydrochloric  acid.  The 
crystalline  ma^s  is  placed  upon  a  funnel  and  allowed  to  run  off 
its  mother4iquor,  and  is  worked  and  compressed  with  a  glaaa 
rod  until  it  has  become  very  firm.  It  ia  then  washed  quickly 
until  it  haa  only  a  violet  colour.     It  is  puritied  by  boiling  with 
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aiiitnftl  charcoal,  and  crystallised  pare  on  evaporation  ("  Joum.  tl. 
Fharm."  (3),  32,  44). 

4.  The  same  author  relates  in  the  same  place  a  new  mode  for 
obtaioing  hippuric  acid  by  s^Tithesis.  He  enclosed  equivalents 
of  benzoic  acid  and  glykokoll  in  a  sealed  glass  tnhe,  and  kept  the 
mixture  during  twelve  houiiii  at  a  temperature  of  IGO"*  C  The 
contents  of  the  tube,  treated  with  boiling  water,  left  a  white 
tasteless  powder,  which  was  only  partially  soluble  in  potash  ;  and 
from  the  solution  filtered  hot,  there  crystallised,  on  cooling,  a 
♦luantity  of  hippuric  acid,  which  corresponded  to  two- thirds  of 
the  benzoic  acid  employt^d. 

Other  and  less  productive  modes  of  synthesis  of  hippuric  acid 
have  been  formerly  described  by  the  same  author.  The  trans- 
formation of  benzoyl-compounds  into  hippuric  acid  within  tha 
animal  economy  belongs  to  the  same  category  of  sjT^thesis,  and 
can  be  made  use  of  for  the  purpose  of  producing  hippuric 
acid  for  experiment 

Physical  Properties* 

Pure  hippuric  acid,  prepared  frc»m  human  or  animal  urine, 
appears  in  long,  glistening,  transparent  prisms,  four-sided  parallel 
to  the  longest  axis,  the  ends  acumioated  by  two  or  four  planes, 
being  planes  of  prisms  parallel  to  the  brachy-  and  macro-diagonal. 
The  primary  form  is  a  vertical  rhombic  prism,  whose  planes  are 
inclined  at  an  angle  of  94°  50',  The  planes  of  the  brachy- 
diagonal  (horizontal)  prism  are  inclined  at  an  angle  of  W50', 
those  of  the  macro-diagonal  (also  horizontal)  prism  at  an  angle  of 
85""  14\  An  alcoholic  solution  of  hippuric  acid,  abandoned 
during  some  months  to  spontaneous  evaporation,  deposits  the 
acid  in  gmoules  resembling  the  tops  of  cauliflowers. 

Chemical  Properties. 

The  acid  is  destitute  of  odour,  and  is  of  a  bitterish  taste.  It 
requires  for  solution  600  parte  of  water  of  0*"  C.  temperature, 
and  400  parts  of  water  at  the  ordinary  temperature  of  the  air ; 
but  is  much  more  soluble  in  hot  and  tailing  water,  and  in 
alcohol  Its  solubility  in  ether  is  somewhat  less  than  in 
alcohol.     The  solutions  redden  litmus  paper. 

Decompositioiis, 

Hippuric  acid  is  not  volatile  at  the  temperature  at  w^hich 
bemsoic  acid  sublimes.  At  a  higher  temperature  it  fuses,  form- 
ing a  brownish-red  liquid,  w^hich  on  cooling  becomes  a  milk- 
white  crystalline  mass.  By  dry  distillation  it  yields  a  red  oil, 
with  an  aromatic  odour,  ammonia,  and  benzoic  acid  (the  latter 
two  perhaps  in  part  as  benzoate  of  ammonium),  and  a  large  resi- 
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due  of  charcoal.  Sometimea  the  acid  before  charriiig  evolved  a 
cyanogen  compound^  having  the  odour  of  hydrocyaoic  acid.  If 
the  temperature  during  dry  distillation  be  not  raised  abo^^e 
250**  C\,  benzoic  acid  is  obtained,  slightly  reddened,  a  trace  of 
hydrocyanic  acid,  and  benzouitrile  is  collected  in  the  receiver 

Hippuric  acid  is  soluble  in  warm  nitric  acid  and  hot  hydro- 
chloric acid,  and  from  both  solutions  crystallises  on  cooling  ;  but 
when  boiled  fur  some  time  in  either  of  these  solutions  it  under- 
goes a  decomposition,  by  which  benzoic  acid  crystallises  out  of 
the  solution  on  cooling.  Combined  with  the  nitric  acid  there 
remains  glykokoli  This  decomposition  may  also  be  produced  by 
Hiilphuric  and  oxalic  acids,  and  by  boiling  with  caustic  soda  and 
[HjUuih^     It  can  be  represented  by  the  formula — 


Hipporic  acid. 


BeuEoic  acid.      GlykokolL 


Under  the  inflaence  of  a  fennent,  in  the  presence  of  an  alkali. 

hippuric  acid  undergoes  the  same  decoraposition  into  benzoic 
acid  and  glykokolL  The  disintegration  of  hippuric  acid  in 
putrefying  urine  is  thus  satisfactorily  explained, 

Hippuric  acid  can  also  be  considered  as  the  amide  of  benzogly- 
kolic  acid,  wliich  Ls  free  from  nitrogen,  and  has  ths  composition 
CgH^O^.  It  is  formed  when  hippuric  acid  is  acted  on  by  nitrous 
acid,  and  is  obtained  by  conducting  a  current  of  nitric  oxyde 
through  a  solution  of  hippuric  acid  in  nitric  acid^ — 

2(C,H^N03)  +  K,0,  =  2(C,H,0J +4N+ H,0. 


Uipparic  acid* 


BetixogljrkoUc  »cid. 


Benzoglykolic  acid  crystallises  from  the  solution  in  colourless 
prisms,  which  are  easily  soluble  in  alc-ohul  and  ether,  but 
sparingly  soluble  in  water.  It  fonns  neutral  salts  with  one 
molecule  of  base,  which  are  mostly  crystallisable.  The  lime-salt> 
CjgHi^CaOg.  crystallises  in  colourless  needles,  and  has  a  tendency 
to  form  oversaturated  solutions. 

When  benzoglykolic  acid  is  treated  with  dilute  acids  it^is  de- 
composed to  benzoic  and  glykolic  acid  after  the  formida — 


Benzoglykolic  acid. 


Benzoic  acid.  Glykolic  acid, 


This  decomposition  explains  why  hippuric  acid,  although  it  be 
the  amide  of  benzoglykolic  acid,  does  not  yield  that  acid  and 
ammonia  when  boiled  with  acids,  but  benzoic  acid  and  glyko* 
kolL  The  benzoglykolic  acid  is  at  first  formed  along  with 
ammonia^  but  is  immediately  decomposed  into  benzoic  and  gly- 
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koHc  acid,  and  tbe  latter,  with  the  animonia,  forms  its  amide, 
glykokoll,  and  water. 

Hipporic  acid^  when  boiled  with  peroxide  of  lead  in  water, 
yields  benzamide,  carbonic  acid,  and  %vater,  according  to  the  fol- 
lowing formula  (Fehling,  '*Ann.  Chem."  28,  48)  :— 

C,H,N03  +  0,=C7H7NO+2CO,  +  H,0. 

Seaction  for  Jfippuric  Acid. — Horsford's  reaction  for  glykokoll, 
a  Ted  coloration  when  thrown  upon  fused  potash,  succeeds  also 
with  hippuiic  acid.  The  potash  must  he  heatt^d  veiy  httle 
above  its  fusing  point,  and  only  so  much  as  to  he  still  a  mono- 
hydrate  (Dessaignes). 

Compounds  of  Hippuric  Acid. 

Niirohipfmric  Acid,  CjjHgNjjO^.— To  a  solution  of  liippuric 
acid  in  cold  fuming  nitric  acid,  an  equal  %^olume  of  oQ  of  vitriol 
is  gradually  added,  care  being  taken  not  to  let  tbe  mixture  get 
hotp  After  two  hours  tbe  reaction  is  completed.  The  fluid  is 
now  mixed  with  three  times  its  volume  of  water,  being  continu- 
ally kept  at  alow  temperature.  The  mixture,  after  twelve  hours, 
bas  deposited  about  one  half  of  the  bip^puric  acid  employed  in 
the  form  of  nitrohippuric  acid  in  needle-shaped  crystals.  The 
mother- liquor,  when  neutralised  by  carbonate  of  soda  until  it 
hegiDs  to  get  turbid,  deposits  another  quantity  of  the  acid.  Tlie 
impure  acid  is  washed  with  cold  water,  combined  with  lime,  and 
the  solution  of  the  Lime-salt  in  lukewarm  water  is  precipitated 
by  hydrochloric  acid. 

Nitrohenzoic  acid  may  be  taken  internally,  in  quantities 
amounting  to  6  grammes  per  diem,  without  injury  to  tiie  body. 
It  reappears  as  nitrohippuric  acid  in  tbe  urine,  from  which  it 
may  be  obtained  by  the  following  proceeding  v — The  acid  urine  is 
evaporated  to  a  small  hulk.  It  remains  clear  on  the  addition 
of  hydrochloric  acid  ;  the  fluid  is  now  shaken  with  ether  and  some 
alcohol,  which  take  up  nitrohippuric  acid,  and,  on  spontaneous 
evaporation,  deposit  it  in  hrowo  warty  cr^^st-als,  which,  when 
removed  from  tbe  mother-liquor,  dried  on  a  brick,  and  recrystal- 
lised  from  hot  water,  appear  as  brownish  needles.  When  boiled 
for  five  minutes  with  excess  of  milk  of  lime,  colouring  matter 
is  i^moved,  and  the  filtrate,  on  decomposition  by  hydiochloric 
acid,  yields  pure  nitrohippuric  acid,  which  is  obtained  in  fine 
crystals  by  recrystallisation  from  hot  water. 

Hrppuric  Acid  Salts— Eippurates, 

These  salts  have  been  studied  by  Schwartz  (*'Ann,  Chem/' 
54,  29). 
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The  alkaline  and  earthy  hippuratea  are  soluble  in  water. 
Hippnrate  of  sodium  seems  to  be  a  combination  which  occurs  in 
human  urine.  But  as  hippuric  acid  in  human  urine,  when 
present  in  larger  quantities,  crystallises  on  simple  evaporation 
on  the  surface  of  the  fluid,  it  is  probable  that  it  may  also  be 
present  in  the  free  state.  In  the  urine  of  the  horse  hippuric 
acid  is  combined  with  calcium,  ^letallic  hippurates  are  spar- 
ingly soluble.  All  liippurates  yield  their  bases  to  hydrochloric 
acid,  hippuric  acid  crystallising  from  the  solution  in  delicate 
silky  needles. 

The  hippurates  may  be  basic,  neutral,  or  acid  salts  ;  that  ia, 
containing  either  one-half,  or  one  or  two  molecules  of  acid  to  one 
of  base. 

Hippnrate  of  Bar  yum,  neutral,  C^gBalligNjOg+HgO. — By  dis- 
solving hippuric  acid  in  excess  of  baryta  water,  and  precipitating 
the  excess  of  barj^ta  by  a  current  of  carbonic  acid,  or  by  boiling 
an  excess  of  carbonate  of  barj^um  in  a  solution  of  hippuric  acid, 
a  solution  of  neutral  hippurate  of  baryum  is  obtained  after  filtra- 
tion, which  on  evaporation  fields  the  salt  in  crusts,  consisting  of 
microscopic  quadratic  prisms, 

Hippurate  of  Calcium,  CjgCaH^^jNgO^+SH^O. — By  boUing  an 
excess  of  carbonate  of  calcium  in  a  solution  of  hippuric  acid  a  fil- 
trate 18  obtained,  which  on  evaporation  deposits  this  salt  in 
rhombic  prisms  or  glinteoing  r^cales.  It  is  also  obtained  by  boiling 
a  solution  of  hippuric  acid  with  excess  of  milk  and  lime,  filter- 
ing, and  passing  a  current  of  carbonic  acid  gas  through  the 
solution.  The  filtrate  contains  the  salt.  This  compound  is  said 
to  occur  in  the  urine  of  the  horse  and  cow*  It  is  soluble  in  18 
parts  of  cold  and  0  parts  oi"  boiling  water. 

Hippurate  if  Lcmi,  neutral,  C^j^PbHi^N^O^i  +  SHgO,  is  obtained 
by  mixing  the  hot  solution  of  an  hippurate  with  solution  of 
acetate  of  lead ;  on  cooling  the  salt  is  deposited  in  laminae  of  the 
lustre  of  mother  of  pearl  If  cold  solutions  of  lead  and  hippu- 
rate are  mixed,  the  salt  precipitates  at  once  in  cheesy  flakes. 
which  are  with  difliculty  soluble  in  boiling  water.  The  precipi- 
tate may  be  washed  on  a  filter,  dissolved  in  boiling  water,  and 
after  filtration  while  boiling  hot,  on  a  funnel,  kept  hot,  is  obtained 
fmni  the  cooling  solution  in  .silky  groups  of  fine  needles.  These 
needles  contain  only  two  molecules  of  wat^r  of  crystallisation, 
but  frequently  transform  into  the  salt  with  three  molecules  of 
water,  by  suddenly  taking  up  one  more  molecule  of  water  under 
circumstances  not  yet  accurately  known,  A  basic  hippurate  of 
lead  is  obtained  by  boiling  hydrated  oxyde  of  lead  in  a  solution 
of  hippuric  acid. 

Hippurate  ff  Inm — The  soluble  hippurates  car.se  a  rusty 
brow^n  precipitate  in  salts  of  the  oxyde  of  iron.  Neutral  sesqui- 
chloride  of  iron  produces  a  light  fawn-yellow  voluminous  preci- 


HIPPUMC  ACID. 


151 


pitate  in  a  cold  solution  of  hippurate  of  potassium,  which  in  hot 
water,  or  by  drying  at  a  temperature  of  30"  C,  loses  water,  and 
forms  a  brown  mass.  It  is  insoluble  in  water,  easily  soluble  in 
spirit  of  wine,  particularly  in  hot  spirits,  and  from  the  solution 
separatea  on  cooling,  partly  in  amorphous  masses,  partly  in 
groups  of  red  oblique  rhombic  prisms. 

The  salts  with  cobalt,  nickel,  copper,  mercury,  and  zinc  pre- 
sent DO  striking  peculiarities.  The  silver  salt  in  distinguished  by 
containing  a  molecule  of  water  of  crystallisation ;  while  the 
silver  salts  of  most  other  organic  acids  are  free  from  water  of 
crystallisation. 

Physwlogy. 
Benzoic  acid  intro^luced  into  the  stomach  appropriates  to  itself 
glykokoU,  and  appears  in  the  urine  as  hippuric  acid.  From  this 
fiindamenta!  observation  of  Ure,  confirmed  as  it  was  by  Keller, 
numerous  inquiries  have  been  started,  and  established  the  exist- 
ence of  a  kind  of  physiological  law,  that  benzoyl- compounds. 
however  varied  may  be  the  substitutions  among  their-  looser  com- 
ponent elements,  will  in  the  body  undergo  the  same  transforma- 
tion as  benzoic  acid,  and  appear  in  the  urine  as  hippuric  acid* 
Thus  benzoic  ether,  benzoyl-bydride,  cinnaniic  acid,  all  yield  the 
same  final  product;  their  outer  radicals  are  destmyed  or  other- 
wise disposed  of  in  the  economy,  while  their  benzoyl,  apparently 
indestructible  by  animBJ  oxydation^  reappears  with  glykokoU  in 
the  excretion. 

This  pbejiomenon  soon  8u;j;gestcd  to  inqnirers  the  probability 
that  all  hippuric  acid  contained  in  either  the  urine  of  animals  or 
of  man  was  but  the  product  of  the  transformation  of  some  com- 
pound of  benzoyl  contained  in  their  food.  They  thei^efore  directed 
their  inquiries  towards  the  proximate  ingi*edients  of  the  mixed 
food  of  man  and  the  fodder  of  aniniiils.  From  the  ordinary 
mixed  food  of  people  accustomed  to  good  living,  no  benzoic  acid 
could  be  extracted.  The  urine  of  cows  was  said  to  be  always 
equally  rich  in  hippuric  acid,  whether  they  fed  on  mangel- 
wnrtzel,  grass^  or  hay.  It  was  known  from  the  exact  experience 
derived  from  the  manufacture  of  sugar  from  beetroot,  that  thia 
v^etable  did  not  contain  any  benzoic  acid,  Hallwachs  ascer- 
tained, by  an  examination  of  the  fodder  of  a  cow,  which  yielded 
largely  hippuric  acid,  that  the  plants  constituting  the  fodder  did 
not  contain  eitlier  benzoic  acid,  or  any  benzoyl-componnd,  in 
such  a  form  that  it  could  be  extracted  by  ordinary  analytical 
means.  The  conclusion  appeared,  therefore,  for  a  time  inevitable, 
that  the  benzoic  acid  contained  in  the  hippuric  acid  in  the  urine 
of  animals,  whose  looA  does  not  contain  any  benzoyl-compounds 
as  proximate  constituents,  must  be  a  product  of  the  organ iam, 
towards  the  formation  of  which  the  food  only  furnishea  the 
elemente. 
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Bmt  Ibe  filae  of  thir  conclusioD  was  soon  miTrfifitfJ  hj  the 
ilciitPlri  Htmweirf,  tkab  ainoiig  the  fruits  of  the  emgOt  mjiqred 
hf  mtm  m  ftcd  ibm  m  ftl  lesst  one  which  cootauis  benaote  waA 
m  foeli  qiiA&titiei  a«  to  malerially  affect  the  oooiposiiioii  of  tbt 
imal  excretioii  In  persoaa  who  hsLve  partaken  of  even  m  modenite 
^Mi^  of  it  Ducheck  (*'  Prager  Viertelj;'  (1854),  3, 25),  in  the 
tomm  ci  iOfoe  detcnainatioDe  cf  uric  acid  bj  preeiptetioii  with 
hydfodikifie  acid,  one  day  encoiintered  a  mam  of  1 1  jitah»  wliich 
ha  recogniaed  fts  hippuric  acid  He  had  the  day  befm  eatao 
fnitt»  lackily  new  to  him,  being  however  nothing  more  nnooin- 
mon  than  a  nmiiber  of  greenga^'cs.  He  then  xepeated  the  eating 
it  an  experiment,  and  found  it  to  have  the  snppooed  effect  The 
nrina  paWod  after  the  ingestion  of  a  number  of  greengages  was 
so  taimated  with  hippuric  acid,  that  after  the  simple  addition  of 
bydroeblorifi  aci<l  in  the  cold,  the  acid  crystallised  in  long  silky 
needlaa  He  then  directed  Urn  researches  towards  the  green- 
ffigea  themselves,  and  found  them  to  contain  a  quantity  of 
benzoic  acid.  But  the  quantity  of  benzoic  acid  which  they 
yielded  to  extraction  was  never  so  large  as  that  which  an  equal 
quantity  of  the  name  fruit  would  yield  in  the  form  of  hippuric 
acid  when  ingested  into  tlte  stomach  of  the  experimenter  He 
therefore  conclnded  that  the  greengage,  besides  benzoic  acid 
accessible  to  analysis,  contained  other  benzoyl -compounds  not  so 
easily  revealed  in  extracts,  amongst  them  perhaps  benzoic  ether 
and  benzoyl-hydrogen,  and  determined  the  amount  of  benzoyl 
contained  in  them  phygiolojrically.  that  is  to  say,  by  passing  given 
quantities  through  the  ordeal  of  the  chemistry  of  his  body,  840 
grammes  of  green^^ages  without  stones,  eaten,  yield^^d  3*736 
grammes  of  hippuric  acid,  containing  2021  grammes  of  benzoic 
acid.  4r>3  grammes  of  greengages  without  stones,  eaten,  yielded 
2*920  grammes  of  hippuric  acid,  containing  1990  grammes  of 
benzoic  acid.  Calculated  far  100  parts,  the  first  greengages 
yielded  0*252  per  cent  of  benzoic  acid,  the  second  0*493 
per  cent,  which  gives  an  average  of  0'3715  per  cent  of  benzoic 
acid  in  greengage;^.  Apples,  pears,  and  common  plums  never 
produced  any  etlect  like  the  greengages.  The  excretion  of  hip- 
puric actd  began  seven  or  eight  hours  after  the  eating  of  the  fruit, 
and  was  always  completed  in  from  three  to  five  hours  later. 

My  *»wn  researches  have  confirmed  this  observation  of  Ducheck. 
(J reengages,  in  whatever  form  or  quantity  taken,  always  increased 
the  amount  of  hippuric  acid  in  the  urine  far  beyond  what  it  was 
untlur  ordinary  mixed  diet,  contiiinin-,'  no  ingredient  that  could 

lie  said  to  harbour  any  benzoyl-compounds.  It  was  therefore 
clear  thai  if  tfje  human  economy  produced  any  benzoic  acid  from 
tht^  elements  of  assimilated  food,  another  quantity  of  this  acid 
miglit  be  introduced  into  the  body  as  such  by  the  ordinary 
accidents  connected  with  the  variations  of  food.      It  was  also 

vident  that  any  inquiries  iuto  the  quantities  of  hippuric  acid 
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diflcharged  in  given  times  by  healtby  and  sick  indiWduals  would 
have  but  little  significance,  unless  the  nature  as  well  as  the 
quantity  of  the  food  eaten  was  taken  into  consideration.  Physio- 
logical researches  which  did  not  observe  these  precautions  eoidd 
answer  only  very  few  questions.  The  bearing  of  the  answer 
under  any  circumstances  was  more  upon  the  uncertain  element 
of  the  nature  and  amount  of  food  taken,  than  upon  any  pecu- 
liarity in  the  processes  of  the  animal  economy. 

If  the  hippuiic  acid  is  a  normal  ingredient  of  human  urine, 
and  its  variable  portion  is  due  to  the  introduction  into  the 
economy  of  benzoyl-conipounds  contained  in  food,  such  as  green- 
gages, the  more  stationary  amount  of  it  must  be  derived  from 
the  elements  of  food,  or  from  certnin  radicals  contained  in  food, 
and  appearing  as  benzoyl  only  after  complete  destruction  by 
oxydation.  Such  a  radical  is  perhaps  contained  in  albumen  and 
other  substances  deriving  therefrom,  as  was  made  probable  by 
the  observations  of  Pi-oust  (Gehlen*a  *'  Neues  Journ.  d  Chem."  2, 
241),  afterwards  confirmed  by  Guckelberger  (**  Ann.  Chem."  64, 
39),  that  oil  of  bitter  almonds  and  benzoic  acid  were  among  the 
products  of  the  oxydation  of  albuminous  substances  by  bichro- 
mate of  potash  and  sulphuric  acid*  We  may,  therefore,  think  it 
possible  that  the  oxydation  of  albuminous  substances  in  the  body 
is  eflected  in  an  analogous  manner,  and  may  yield  benzoic  acid 
as  a  collateral  product  in  small  quantity,  to  be  afterwards  com- 
bined with  glykokoll,  or  that  the  sinmltaneous  production  of 
benzoic  acid  and  glykokoU  results  in  the  direct  formation  of 
hippnric  acid.  The  sources  of  the  glykokoll  which  combined 
with  any  benzoic  acid  introduced  into  the  body,  have  always 
appeared  less  problematical  than  those  of  the  benzoic  acid  con- 
tained in  the  regular  hippuric  acid.  The  bile  might  easily  yield 
it  if  the  glykocbolic  acid  was  really  split  up  in  the  manner  indi- 
cated by  its  chemical  decomposition  out  of  the  body.  Indeed, 
this  origin  has  been  claimed  as  proved  by  W.  Kiihne  and  W. 
Hallwachs  (*'  Nachr.  d.  Kon,  G.  d.  Wiss.  zu  Gottingen,"  11  Mai 
1857,  p,  129-134),  who  performed  the  following  experiments:^ — 
Having  ascertained  that  a  dog  transformed  benzoate  of  soda, 
which  was  given  to  it  in  its  food,  into  hippurate,  they  injected 
various  quantities  of  benzoate,  correspondtng  to  from  1  to  4 
grammes  of  acid,  into  the  veins  of  dogs  and  cats.  In  about  20 
experiments  the  benzoate  was  excreted  in  the  urine  almost  en- 
tirely unchanged  When  the  salt  was  given  with  its  food  to  a 
dog,  whose  bile  was  entirely  evacuted  by  a  fistula,  no  trace  of 
benzoic  acid  appeared  in  the  urine,  which  contained,  however, 
hippuric  acid.  But  no  trace  of  hippuric  acid  was  discharged  by 
three  cata  which  had  taken  benzoic  acid,  and  whose  entire  liver 
had  been  ligatured  in  such  a  manner  as  to  prevent  blood  and  bile 
from  either  entering  or  leaving.     These  latter  experiments  can 
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hardly  be  admitted  to  demonstrate  anything,  as  the  interferejicA 
with  all  vital  functions  caused  by  a  ligature  round  the  base  of 
the  liver  must  be  so  enormous  as  to  prevent  just  that  kind  of 
action  in  the  entire  economy  which  would  be  re^^uired  to  form 
hippuric  acid  anywhere.  Indeed,  these  experiments  were  only 
undertaken  to  save  the  hypothesis  which  had  been  defented  by 
the  previous  experiments,  in  which  the  entire  abstraction  of  the 
bile  did  not  prevent  the  transforraation  of  benzoic  into  hippuric 
acid.  On  the  whole,  the  experiments  show  that  the  transforma- 
tion is  probably  etlected  in  the  intestinal  canal ;  that  the  bile  is 
not  essential  to  it ;  that  other  products  of  the  decomposition  of 
the  food  in  the  intestinal  canal  can  furnish  the  glykokoll,  and 
that  the  blood  by  itself  does  not  furaish  the  glykokoU  or  allow 
its  combination  with  benzoic  acid  to  take  place  w^ithin  the  limits 
of  the  circulation. 

According  to  Ducheck  0*  Prager  Viertelj,"  (1854).  3, 25),  only  a 
limited  amount  of  benzoic  acid  can  in  a  given  time  be  trans- 
formed into  hippuric  acid.     He  found  in  the  urine — 
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BO  that  while  in  all  experiments  there  w^as  a  considerable  loss  of 
benzoic  acid  unaccounted  for,  in  the  last  experiment  more  than 
half  of  the  benzoic  acid  taken  apparently  escaped  unchanged 
through  the  kidneys.  Similar  experiments  instituted  by  Pio- 
trowsky  led  to  results  which  were  a^'^erse  to  Ducheck's  conclu- 
eionSj  and  seemed  to  indicate  that  even  larger  amounts  of  benzoic 
acid,  up  to  ten  and  twelve  grammes,  are  entirely  transformed  into 
hippuric  acid  during  their  passage  through  the  body.  Peculi- 
arities of  diet  may  perhaps  hereafter  furnish  as  unexpected  a 
solution  of  the  question  after  the  origin  of  glykokoll,  just  as  they 
have  supplied  an  answer  to  the  question  after  the  sourcee  of  a 
part  of  the  benzoic  acid. 

The  urine  of  carnivorous  animals  has  not  been  observed  to  con- 
tain any  hippuric  acid  But  as  we  are  not  acquainted  with  any 
direct  researches  on  the  subject,  it  is  unadvisable  to  rely  upon 
this  circumstance  for  any  further  oooclusion. 

Begarding  the  physiological  bearing  of  hippuric  acid  in  horses 
and  cows,  the  observations  at  one  time  seemed  to  show  that  rest 
and  activity,  as  well  as  diU'emnt  descriptions  of  focwl,  had  a  con- 
siderable influence  upoti  the  quantity  in  which  it  is  found  in  the 
urine.  Erdmann  ("  Journ.  f.  pr,  Chem/'  13,  422)  asserted  that 
some  of  these  circumstances  could  cause  a  substitution  of 
benzoic  for  hippuric  acid,  that,  therefore,  benaoic   acid  oould 
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temporarily  be  a  normal  in^jiredieiit  of  the  urine  of  these  animals. 
The  urine  of  six  horses  nsed  for  ploughing  gave  one  day  benzoic, 
the  next  day  hippuric  acid,  there  being  no  change  in  the  diet. 
He  communicated  this  experience  to  Liebig,  who  replied  that  he 
had  observed  the  same  occuiTence,  and  expressed  a  belief  that 
evaporation  of  the  urine  at  too  high  a  temperature  had  an 
influence  in  the  matter.  This  latter  also  observed  that  there 
might  be  a  peculiar  ferment  in  some  description  of  urine  which 
might  decompose  the  hippuric  acid  quickly.  He  had  formerly 
("  Ann.  Chem."  30,  280)  communicated  the  opinion  that  any 
benzoic  acid  found  in  the  urine  of  horses  was  the  product 
of  putrefactive  changes.  At  a  later  period  ("Ann,  Chem,"  41, 
272)  he  stated  an  opinion,  perhaps  in  part  derived  from  the  unex- 
plained experience  of  Erdmann,  that  horses  and  horned  cattle, 
during  the  normal  state  of  activity  and  work  discharged  urine 
containing  principally  benzoic  acid,  but  that  when  the  animals 
were  quiet  in  the  stables  they  excreted  hippuric  acid  The  animals 
were  explained  to  get  rid  of  a  higbly-carbonised  material  during 
rest  by  the  kidneys,  which  during  work  they  used  for  the  pro- 
duction of  power,  and  excreted  by  the  lungs  as  carbonic  acid. 
This  explanation  inspired  Erdmann  (in  tlie  article  which  he 
published,  in  conjunction  with  Marchaod,  on  the  transformation 
of  cinnamic  into  hippuric  acid  in  the  human  body  ("  J.  f,  Pract, 
Chem."  26,  492),  to  formularise  his  singular  exjierience  into  a 
general  doctrine,  to  the  eftect  that  horses  kept  for  pleasure,  and 
which,  consequently,  were  well  fed  and  little  exercised,  yielded 
much  hippuric,  but  horses  used  for  ploughing  only,  benzoic  acid. 
After  that  it  was  not  surprising  that  Hutstein  (**  Brandes.  N, 
Archiv.  d.  Pharm.*'  66)  should  also  have  observed  that  the  urine 
of  horses  w^hich  while  w*orking  moderately  had  only  yielded 
hippuric  acid,  contained  only  benzoic  acid  after  they  were  used 
for  hard  work 

In  direct  contradiction  to  the  above  statements  on  the  substi- 
tution of  benzoic  for  hippuric  acid,  by  certain  alterations  of 
activity  and  diet,  stand  the  observations  of  Lehmann  (**  Hand- 
worterbuch  der  Physiologie,*'  p.  14).  He  examined  the  quite 
fresh  urine  of  a  very  large  number  of  both  well  and  badly- 
fed,  healthy  and  sick  horses,  and  found  it  always  to  contain  only 
hippuric  and  no  benzoic  acid.  But  when  the  urine  had  been 
allowed  to  stand  for  some  time  exposed  to  the  air  it  always 
contained  only  benzoic  acid.  Such  fermented  urine  infected 
fresh  urine,  to  which  it  was  added  so  very  rapidly  that  the 
hippuric  acid  was,  during  mere  evaporation  of  the  fiuid,  entirely 
decomposed,  and  nothing  but  benzcdc  acid  was  left.  If,  then, 
the  chemists  who  found  benzoic  acid  in  the  urine  of  working 
animals  did  not  collect  the  excretion  in  such  a  manner  as  to 
protect  it  from  contact  with  the  stale  urine  on  the  floor  and  in  the 
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gutters  of  stables  (which,  while  the  horses  were  at  work,  would  be 
less  frequently  renewed,  and  consequently  more  infected  or  deconi* 
posed),  or  did  not  work  it   up  quickly  while  it  was  in  a  fresh 
state,  they  omitted  a  precaution,  without  which  their  results  are  I 
open  to  question. 

The  intioence  of  soine  descriptions  of  food  upon  the  hippuric 
acid  iQ  the  urine  of  animals  has  been  investigated  by  various 
observers.  Landerer  {**  K  Journ.  d.  Pharm/'  20, 288)  found  that 
the  urine  of  horses  would  yield  hippuric  acid  while  they  were 
fed  on  oats  and  hay,  and  did  not  yield  any  while  fed  on  barley 
and  straw.  That  the  hay  had  the  principal  share  iu  the  produc- 
tion of  hippuric  acid  in  Landerer's  horse  is  evident  from  the 
experience  made  upon  cows  feeding  on  grass,  and  from  tlie 
following  observation  of  Stadeler  {**  Ann.  Chem/'  77,  39) : — He 
ffuind  in  the  morning  urine  of  a  horse,  which  was  almost  entirely 
fed  upon  oats,  and  seldom  was  iu  the  stable  during  as  much  as  a 
day,  only  traces  of  hippuric,  and  no  benzoic  acid.  Riley  also 
(*Monrn.  Chem.  Soc/'  5,  97)  found  the  urine  of  cows  to  yield 
hippuric  acid  only  while  feeding  on  grass  or  hay ;  and  Schwartz 
("  Ann.  Chem."  54,  31)  observed  that  the  urine  of  cows  contained 
only  traces  of  hippuric  acid  when  ft^d  ou  the  residue  from  the 
distillation  of  spirit  from  fermented  potatoes.  Kolbe  ("  Lehrb.  d. 
Organ*  Chem."  2, 1 13)  observed  that  the  urine  of  cows  w^hich  had 
for  some  time  yielded  a  considerable  amount  of  hippuric  on 
addition  of  hydrochloric  acid,  suddenly  ceased  to  do  so.  On 
inquiry  it  was  ascertained  that  from  tlie  day  when  the  urino 
ceased  to  give  hipjmric  acid  the  cows  had  been  fed  upon  clover 
instead  of  grass,  as  before.  Tl lese  observations,  no  doubt,  militate 
against  the  opinion  of  Hallwachs,  and  make  us  inclined  to  believe 
that  grass  contains  substances  capable  of  forming  hippuric  acid, 
which  aie  wanting  in  clover,  oats,  and  distillery  refuse.  Kolbe 
did  not  examine  the  urine  of  the  cows  fed  upon  clover  any 
further,  in  order  to  ascertain  the  degree  of  diminution  which  the 
quantity  of  hippuric  acid  had  undergone.  Wanting  this  pre- 
caution, his  observation  can  only  be  admitted  to  show  that  the 
urine  of  cows  contains  relatively  less  hippuric  acid  when  fed 
upon  clover  than  while  eating  grass,  at  most,  that  cows  fed 
upon  clover  secrete  less  hippuric  acid  than  cows  eating  grass, 

Quantiti/  of  Hippy  rie  Aetd  Secnkd  in  Twenty-Four  Hours, 

It  had  been  stated  by  Liebig  that  hippuric  acid  was  present 
in  human  urine  in  about  the  same  proportion  as  uric  acid.  This 
opinion  was  generally  received  until  Hoe  tie  and  Dueheck  nega- 
tived that  hippuric  acid  was  a  constant  constituent  of  human 
urine.  Subsequently  Hallwachs  C' Ann.  Chem"  105,  207,  and 
106,  160)  found  the  amount  of  hippuric  acid  in  the  urine  of 
some  peraooB  to  be  nearly  one  gramme  in  24  hours.     About  the 
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time  WeismanQ  (Henle  and  Pfeuffer,  "Zeitschr  f.  Rat. 
Med/'  (3),  2,  332)  instituted  aome  experiments  upon  this  subject^ 
which  consisted  in  ohservations  of  particuhir  diet,  meaaurenientft 
of  the  urirte  discharged,  and  attempts  to  determine  the  amount 
of  hippuric  acid  contained  therein,  by  evapomtiiig  from  l(j  to  20 
c.c,  of  urine  only,  adding  five  to  ten  drops  of  hydrochloric  acid 
to  the  residue,  and  extracting  it  repeatedly  mth  the  six  to  ten- 
fold volume  of  ether*  The  colonred  residue  was  assumed  to  be 
hippuric  acid.  There  can,  however,  be  no  doubt  that  this  resi- 
due contained  colouring  matter  removable  by  water,  urea,  and 
other  matter.  No  experiment  seems  to  have  heen  made  to 
ascertain  the  amount  of  impurity  mixed  with  the  acid  obtained. 
These  circumstances  make  the  results  of  Weismann  inadmissible 
for  comparison  with  the  results  of  other  observers;  only  by  their 
differences  amongst  themselves  they  indicate  a  few  physiological 
csoDclusions,  such  as  that  the  amount  of  bippunc  acid  in  human 
urine  is  greater  after  mixed  than  after  animal  diet ;  that  pure 
bread  diet  reduces  the  quantity  of  hippuric  acid  helow  that 
yielded  by  animal  diet,  and  that  in  acute  iiitlammator)^  or  z^-motic 
diseases,  such  as  pneumonia  and  typhus  fever,  the  amount  of 
hippuric  acid  in  the  urine  sinks  below  that  obtained  under  the 
influence  of  bread  diet.  Still  larger  than  the  quantities  obtained 
by  Weismann,  and  arrived  at  by  a  still  more  fallacious  proceed- 
ing, were  those  given  by  Wreden  ("  Bullet  di-'l'  Acad,  de  St. 
Petersbourg,"  Classe  Phya  Med,  17,  500).  He  had  employed 
a  standard  solution  of  chloride  of  iron  for  the  determination  of 
hippuric  acid,  and  gave  as  the  average  of  29  deter-minations, 
47'4  grains  of  hippuric  acid  to  the  litre  (1*7  pints)  of  urine. 
The  minimum  amount  found  was  32'3  gmins,  and  the  maximum 
87'8  grains,  to  a  litre.  Bence  Jones  ("  Jourm  Chem.  Soc'*  (1862), 
15,  81)  caused  some  new  analyses  to  be  made  by  Ulrich  upon 
the  urine  of  two  healthy  men.  In  these  analyses,  usually  4Q0 
c.c.  of  urine  were  evaporated  to  a  syrupy  consistence  in  a  w^ater- 
bath  ;  hydrochloric  acid  w^as  added,  and  the  hippuric  acid  was 
extracted  by  treating  the  precipitate  w^ith  ether  four  or  five 
times.  The  first  man  weighed  10  st.  12  lbs.,  lived  upon  a  good 
mixed  diet,  and  took  moderate  exercise.  He  excreted  in  three 
days  the  following  quantities  of  urine,  and  therein  hippuric  and 
iiric  acid : — 


ToUl  af  Urin&l        Spec.  Or. 
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mo   „ 
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1022 
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The  second  man  experimented  upon  weighed  14  st.  6  lbs.,  took 
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a  meat  breakfast  and  good  mixed  dinner,  and  took  very  little 
exercise.  On  four  days  he  excreted  the  following  quantities  of 
urine,  hippuric,  and  uric  acid; — 


Tot»l«f  Urine. 

Spec.  Or.       1   Hippurie  Acid. 

UrioAdd. 

l.t  d«y, 
2d    „ 
3d    „ 
4th   „ 
Mmo, 

14«0o.o. 
ll«3    „ 
1510   „ 
132li  „ 
1349   „ 

1017 
1019 
1017 
1019 
1018 

73  gntim. 
5-65    „ 
76      „ 
6-8      „ 
6-5      „ 

14-6  grainii. 

10-9       „ 

131      „ 
12'5       „ 
12-6      „ 

Va7*iati(m$  of  Hippuric  Acid  in  Urine  be/ore  and  after  Food. 

These  variations  were  determined  by  Bence  Jones  in  seventeen 
experiments  performed  upon  the  urine  of  a  man  who  weighed 
14  sL  6  lbs*,  ate  a  meat  breakfast,  a  good  dinner,  and  took  very 
little  exercise.  They  were  found  to  be  somewhat  simultaneous 
with  analogous  variationa  in  the  quantity  of  nric  acid.  These 
determinations  were  apparently  made  without  reference  to  any . 
given  time  during  which  the  urine  operated  upon  was  secreted* - 
if  the  excretion  per  hour  had  been  deteiniined,  as  well  as  the 
variation  in  the  per  centic  composition  of  the  urine,  the  physio- 
logical value  of  the  investigation  would  have  been  much 
enhanced 

It  follows  from  these  determinations  that  the  hippuric  acid 
was  increased*  on  an  average. 

From  4  51  grs,  per  litre  of  urine  before  food, 
To       5*94  ,,  „  after  food; 

whilst  the  uric  acid  was  increased,  on  an  average, 

From  6*05  grs.  per  litre  of  urine  before  food, 
To       9-45  „  „  after  food. 

On  the  whole,  it  follows  that  the  quantity  of  hippuric  acid,  aa 
compared  to  that  of  urinary  water,  rises  with  the  density  of  the 
urine,  the  reverse  obtaining  in  exps,  7  and  9.  In  some  ca3ea 
(exps.  6,  11,  14,  15,  and  16)  the  relative  quantity  of  hippuric 
acid  is  actually  smaller  after  food  than  liefore  food,  while  the 
same  relative  diminution  of  uric  acid  after  food  occurs  more 
rarely  (exp,  7).  The  rise  and  fall  of  the  relative  quantity  of 
uric  acid  before  and  after  fofxl,  with  the  specillc  gravity,  is  much 
more  true  than  that  of  hippuric  acid.  For  whUe  in  all  experi- 
ments, excepted  only  No,  7,  the  relative  amount  of  uric  acid  is 
increased  after  food,  in  the  only  case  w^here  it  is  decreased  the 
specific  gravity  is  decreased  as  well,  and  that  considerably  (exp. 
7,  from  1019  to  1014).  In  exps.  9  and  II  a  decrease  of  the 
specific    gravity    coincides  with    an   increase  in   the  relative 
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1  amount  of  uric  acid,  aiid  in  exp.  6  the  stationary  specific  gravity 
does  not  prevent  the  relative  rise  of  uric  acid* 

Diurnal  Variations  of  the  QimtUiti/  of  ffippuric  Acid 

in  Huvian  Urine. 

The  following  researches  were  made  upon  the  urine  of  a 
healthy  man,  weighing  10  st.  7  Iba,  and  eating  a  moderate 
amount  of  good  mixed  diet*  He  led  an  active  life,  and  during 
the  inquiry  was,  on  an  average,  at  work  during  sixteen  hours 
out  of  the  twenty-four : — 

1.  On  August  17th,  at  9  o'clock  AM.,  there  had  been  collected 
1370  c.c.  of  urine  from  the  previous  twenty-four  hours.  Sp.  gr, 
1017.  200  c.e>  treated  with  hydrochloric  acid  yielded  uric  acid 
41  grains-  The  whole  quantity  of  urine  contained  28  7  grm, 
of  urea,  estimated  by  nitrate  of  mercury.  600  ex.  were  evapo- 
rated OD  the  water-bath,  treated  with  hydrochloric  acid,  ether, 
and  a  little  alcohol;  the  extraction  was  repeated  with  six 
i  portions  of  ether ;  the  united  ethereal  extracts  were  washed 
with  small  portions  of  water,  and  then  reduced  by  distilling  oft' 
the  ether;  the  residue  was  precipitated  by  a  little  water,  allowed 
to  stand  for  ciystallisation,  the  crystals  were  collected  on  a 
filter,  washed  with  cold  water,  dried  in  the  water-stove,  and 
weighed  in  covered  glasses.  There  were  obtained  0*616  grm.  of 
hippuric  acid,  corresponding  to  1"413  grm.,  as  the  total  amount 
of  acid  contained  in  the  whole  twenty-four  hours*  urine.  The 
water  with  which  the  ether  had  been  washed  was  evaporated 
and  set  aside  for  crystallisation  ;  it  yielded  0*126  grm.  of  hippuric 
acid.  This  addition  swells  the  calculated  amount  of  hippuric 
acid  in  the  day's  excretion  to  1*758  grni. 

This  analysis  demonstrated  clearly  that  the  analytical  pro- 
ceeding had  to  be  changed,  so  as  to  avoid  the  loss  occasioned 
by  washing  with  water  the  ethereal  solution  containing  alcohol. 
This  was  effected  by  evaporating  the  extract  of  the  urine  to  a 
stiif  syrup,  working  it  into  a  stoppered  bottle  whOe  warm,  takiug 
up  the  last  residues  with  the  necessary  amount  of  hydrochloric 
acid,  and  shaking  briskly  with  large  quantities  of  dry  ether.  In 
this  manner  the  extract  and  ether  separated  almost  immediately, 
and  required  but  rarely  the  addition  of  alcohol.  The  ether  took 
up  mur.h  less  urea  than  it  would  have  done  had  it  contained 
alcohol.  After  distillation  a  small  quantity  of  reddish-yellow 
lesidue  was  obtaiued,  which  was  mixed  with  a  'little  water  and 
allowed  to  crj^stallise.  The  crystals  were  always  washed  until 
the  washings  were  colourless,  next  dried  by  pressing  between 
blotting-paper,  exposure  to  air,  then  by  keeping  over  sulphuric 
acid,  and  ultimately  by  drying  at  100*  C\  in  the  water-oven. 
This  proceeding  was  carried  out  in  aU  subsequent  examina- 
tiona. 


1580  e«.  oMlaMd  30  gnt.  of  mm; 

I  of  mic  mddi  500  e.c:  jidded  0-282 
fd  tltmiife  adC  eutfBi|wnMKDg  lo  Oirdl  gna.  per  da j* 

3,  Aflnal  I9c1l  1720cc  eootmmedSOINIgnii.of  am; 
e^  jiti£d  1-3  grmm  cf  tnie  acid;  SOO  c;e.  yidded  O^Oa  ] 
of  htfpmric  add,  eqiial  to  0^698  grm.  par  daj. 

4,  Amgrn  TOOL    16O0  cc  uea  =  28^  gm,;  mm  aeid,  li 
gniaa;  m/pmk  add  in  500  ex.  —  0*178  goL,  e^inl  la 
gnRrptrdbj^ 

&,  Angmi^  2l4t     1525  c.c^  the  whcOB  empdiated  far  hi] 

The  lit  0  oflELof  eUier  eitiaeted  0*433  ] 

The  2d  6  OS.  of  ether  extracted  0 110  V  0-003  gnn. 

The  3d  6  02.  of  ether  extracted  0^060  J 

Tbem  waa  a  firm  aedimeot  in  ibe  botllev  ao  that  a  little  hippuric 
acid  may  have  escaped  extiactioiL 

6,  Aagnut  224     1345  ex.  and  estimated  loss  of  155  aa»  UitaL| 
1500  cc  The  eutire  amoant  evaporated  for  analysis. 

The  lat  6  oz.  of  ether  extracted  0*19   grm. 

The  2d  6  02,  of  ether  «^»c^  0127  grm,  |  Jjg^P^^^ 

The  3d  extraction  with  ether  and  alcohol  yielded  no  hippuric' 
acid 


Total  obtained^ 

Add  10  per  cent  for  loss, 


0317    grm. 
0-0317  grm. 


Total  in  twenty-four  hours,        .    03487  gnn. 

This  deereaae  of  the  quantity  of  hippuric  acid  from  the  laigel 
amount  discovered  on  August  17th,  in  obs.  1,  exciting  attention^] 
it  waa  remembered  that  the  experimenter  had,  on  August  16th,  I 
eaten  aome  greengage  tart  at  dimien  lu  order  to  test  whether^ 
the  laige  amount  in  obs.  1  was  really  due  to  this  cause,  he  ate 
twelve  hard,  scarcely  ripe  greengages  in  the  evening  of  the  22d, 
7#  August  23A     1470  c,c.     The  whole  evaporat^  yielded— 


On  1st  extraction, 
On  2d  extraction, 
On  3d  extraction, 

Total, 


0  437  grm. 
0  438  grnu 
0  162  gruL 


1  037  gnn. 


On  a  fourth  extraction  by  6  ounces  of  ether,  a  trace  of  hippuric 
acid  was  still  obtained  This,  together  with  the  result  of  the 
fourth  extraction  of  the  residue  of  No.  6,  weighed  0*015  grm. 
He  ate  six  greengages  with  tart  at  dinner,  having  eaten  five  after 
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breakfast.     In  the  eveuiug  Le  ate  again  six  French  ones — ripe, 
elighbly  bitter, 

8.  August   24th.      2150   c.c. ;    loss   of   150  c.c.     The  eo tire 
amouat  evaporated  gave — 

Ist  extraction^  .        ,        ,     1'537  grm. 

2d  extractiou,  .         .         .     0*234  grm, 

M  extraction ,  .         ,         .     0169  grm. 


TuLiil,         .         .     1 940  gnn. 

To  thia  must  be  added  the  amount  of  acid  lost  in  the  150  e,c.  of 
urine,  which  will  bring  it  to  upwards  of  2  gmi. 

9.  August  25th.     1420  ex.  hippuric  acid  =  0'450  grm. 
second  extraction  yielded  nothing. 

10,  August  2Gth.  1G70  ex. 


The 


11 


Ist  extraction, 
2d  extraction, 
3d  extraction, 

Total, 
August  27th.     2200  c.c. 

Ist  extraction,  . 
2d  extraction,  . 


0  3F0  grm. 

0*242  grm.  very  purie. 

0096  grm,  very  pure. 


0718  grm. 


0-360  grm. 
0*056  grni. 


Total,        .         .      0-416  grm. 

On  the  evening  of  this  day  the  experimenter  again  ate  some 
greengages, 

12.  August  28th.  1600  ac;  hippuric  acid,  0'627  grm.  It 
was  very  dark,  and  on  drying  in  the  water-oven,  yielded  a  sub- 
limate of  benzoic  acid  The  laboratory  was  filled  with  the  smell 
of  this  acid.  The  experimenter  ate  again  some  greengages  on 
this  day, 

13.  August  29th.  2200  c.a;  hippuric  acid,  first  extract,  1-063 
grm.  There  was  a  little  benzoic  acid  sublimed  upon  the  cover. 
The  eecoud  and  third  extraction  yielded  nothing. 

14.  August  30th.  1050  cc;  of  this  8(*0  c.c.  evaporated, 
yielded  0*129  grm.  of  hijtpuric  acid  in  fine  crystals,  Total  for 
1050  c.c.  =  0*169  grm.     Second  extraction  yielded  nothing, 

15.  August  31st.  1450  ex. ;  hippuric  acid,  1-144  grm.  On 
this  day  the  intinirer  ate  a  pint  of  greengages. 

16.  September  Ist.  The  urine  from  twenty-four  hours 
amounted  to  1260  c.c.  It  yielded  a  very  dark  extract,  from 
which  1*405  grm.  of  hippuric  acid  were  obtained. 

17.  September  2d.  18G0  ex.;  hippuric  acid  =  1129  grm. 
A  pint  of  fine  ripe  greengages  were  eaten  on  this  day. 

L 
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18>  September  3i      1850  cc. ;  hippuric  acid  2*212  grm. 

19,  September  4th,    1600  ex. ;  hippuric  acid  0*507  gnn, 

20.  September  5th,     1780  cc. ;  hippuric  acid  0'315  grm. 
These  results  clearly  show  that,  while  the  ordinary  amouat  of 

hippuric  acid  excreted  by  the  person  under  observation  may 
vary  between  from  0*169  to  0-315  and  1*0  gruL,  this  quantity 
wiU  be  regularly  increased  after  eating  greengages,  and  in  pro- 
portion  to  the  number  or  quantity  of  greengages  consumed. 

During  the  evaporation  of  the  urine  voided  after  the  eating  of 
greengages,  it  was  observed  that  some  benzoic  acid  was  vola- 
tiUaed,  and  crj^stallised  on  the  surface  of  the  paper  with  which 
the  dish  was  covered.  I  am  of  opinion  that  this  benzoic  acid 
was  present  in  the  urine  as  suck 

Variations  of  Hippuric  Add  in  Disease, 

The  case  of  a  girl  suffering  from  chorea,  who  lived  on  apples^ 
bread,  and  water,  and  discharged  a  laige  quantity  of  hippuric 
acid,  has  been  recorded  by  Pettenkofer  (*  ^n.  ChettL"  52,  86). 
The  extract  of  the  urine  treated  with  nitric  acid  yielded  a  crys- 
tallisation of  hippuric  acid,  and  only  little  nitrate  of  urea, 
Pettenkofer  calculated  that  the  amount  of  hippuric  acid  was  12 
parts  in  every  thousand  of  urine^  or  about  one-fourth  of  the  entire 
amount  of  solid  residue.  This  is  no  doubt  a  very  unusual  pro* 
portion^  and  can  only  be  accounted  for  by  the  circumstance  that 
the  girl  took  little  urea-producing  food,  as  she  vomited  all  meat 
and  even  broth  the  moment  after  she  had  taken  it  Relatively, 
the  urine  contained  less  hippuric  acid  than  that  of  cows,  in  whom 
the  hippuric  acid  frequently  rises  to  22  and  more  parts  per  thou- 
sand of  urine.  There  is  little  doubt  that  if  the  origin  of  the 
hippuric  acid  was  not  in  peculiar  medicines  containing 
benzoic,  toluic,  cinnamic,  or  other  similar  ingredients,  it 
must  be  sought  in  the  apples  principally,  and  only  to  a  small 
extent  in  the  bread  and  water  Probably  the  absolute  quantity 
of  hippuric  acid  excreted  in  24  hours  by  this  patient  was  not 
very  large.  She  exhibited  this  symptom  for  a  fortnight,  when 
her  recovery  was  so  far  advanced  that  she  could  partake  of  the 
mixed  full  diet  of  the  hospital,  whereupon  the  urea  and  hippurio 
acid  in  her  urine  assumed  the  usual  proportions. 

In  a  case  described  by  Bouchardat,  under  the  title  of  **  Hip- 
purie,*'  in  the  **  Annuaire  de  Therapeutiqoe  pour  1842,"  p.  285, 
milk  diet  is  blamed  as  the  cause  of  a  discharge  of  two  parts  of 
hippuric  acid  io  a  thousand  of  the  orine^  by  a  woman  suffering 
from  a  variety  of  severe  disorders.  Bence  Jones  met  a  case  ia 
St  George's  Hospital  resembling  the  description  given  of  **  hip- 
purie  "  by  Bouchardat  The  unne  was  very  dilute,  of  yellowish 
colour,  and  feebly  alkaline  reaction.  420  cc.  of  urine  contained 
only  traces  of  hippuric  acid*     Since  we  know  that  greengages 
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may  produce  "  hippurie,"  the  observation  of  Bouchardat  has  lost 

in  pathological  significance. 

A  case  observed  by  Garrod  (originally  communicated  in  G. 
Bird's  work  on  "  Urinary  Deposits  "  p.  303)  relates  to  a  young 
man  who  under  certain  circumstances  discharged  a  urine  which 
on  the  addition  of  an  acid  yielded  crystals  of  hippuric  acid. 
Half  a  pint  of  urine  yielded  40  grains  of  the  acid.  No  informa- 
tion as  to  the  source  of  the  hippuric  acid  could  be  obtained  from 
the  history  of  the  patient  It  is  denied  that  he  had  ever  taken 
any  benzoic  acid,  so  that  if  no  imposition  was  practised  by  the 
patient,  and  he  had  not  indulged  in  a  considerable  amount  of 
greengages  or  apples  containing  benzoyl-compounds,  there  is  at 
all  events  some  mystery  about  his  case. 

For  many  years  Lehmann  bad  been  teaching  that  a  large 
amount  of  hippuric  acid  was  present  in  the  acid  urine  of  fever- 
patients,  of  which  it  was  said  to  cause  at  least  in  part  the  acid 
reaction.  But  he  offered  no  quantitative  determinations  in  support 
of  his  assertion,  and  admitted  in  a  general  way  that  relations  of 
certain  diseases  or  groups  of  symptoms  with  the  quantities  of 
hippuric  acid  contained  in  the  nrioe  did  not  exist  Late  re- 
searches have  conclusively  shown  that  this  latter  view  is  the 
correct  one,  and  that  the  quantity  of  hippuric  acid  in  the  urine 
in  diseases  rises  and  falls  simply  in  a  direct  ratio  to  the  amount 
and  nature  of  the  food  consumed,  Weismann  examined  the  urine 
of  seven  patients  affected  with  typhoid  fever,  who  had  during 
two  or  three  weeks  only  taken  milk  and  broth*  He  found  it  to 
yield  only  one-third  or  one-fourth  of  the  quantity  which  hia 
normal  urine  had  yielded  him  while  under  the  influence  of 
normal  mixed  diet,  but  nearly  the  same  amount  as  other  normal 
urine  yielded  which  w^as  excreted  under  the  influence  of  purely 

imal  diet 

In  a  case  of  acute  rheumatic  fever  observed  by  Bence  Jones* 
the  sp.  gr.  of  the  urine  was  1010 ;  it  had  a  brown-yellow  colour, 
and  acid  reaction*  350  ex.  of  this  urine  contained  a  very  small 
quantity  of  hippuric  acid. 

The  same  author  mentions  a  case  of  diabetes  (sp.  gr.  of  the 
urine,  1040),  400  ex.  of  whose  urine  examined  for  hippuric  acid 
yielded  only  traces  of  it  Lehmann,  who  proved  the  presence 
of  hippuric  acid  in  diabetic  urine  before  it  had  been  found  to  be 
normally  present  in  urine,  always  found  hippuric  acid  in  diabetic 
urine,  and  in  one  instance  determined  its  proportion  to  be  0'025 
per  cent.  This  corresponds  to  about  37  grains  in  the  litre,  and 
is  less  than  the  proportion  found  by  Bence  Jones  in  urine  before 
food.  But  considering  that  the  diabetic  patient  probably  dis- 
charged a  large  amount  of  urine,  it  is  but  fair  to  conclude  that 
he  discharged  more  hippuric  acid  in  24  hours  than  other  healthy 
persons  of  similar  age  and  weight     Should  this  surmise  be  con- 
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finned  by  analyses,  undertaken  with  due  regard  to  the  time  in 
which  the  urine  is  discharged,  the  inJormation  would  still  be  only 
confirmatory  of  what  we  may  hold  a  piiori^  namely,  that  the 
increased  amount  of  bippuric  acid  discharged  daily  by  diabetic 
patients  is  the  result  of  an  increased  consumption  of  benzoyl- 
compounds  in  the  very  lai  ge  amount  of  food  which  they  axe  by 
their  peculiar  indisposition  compelled  to  consume* 

KUhne  (Virchow's  "  Archiv,"  14)  had  examined  the  urine  iti 
cases  of  closure  of  the  common  bile-duct,  and  been  unable  to  find 
any  hippuric  acid  in  it  This  circumstance  served  as  a  support 
uf  bis  doctrine  that  the  presence  of  glykocholic  acid  in  the  intes- 
tines was  an  essential  condition  of  the  formation  of  hippuric  acid. 
In  opposition  to  this  assertion  wem  the  results  of  Neukoram 
(comrauuicated  in  Frerichs,  "  Klinik  d,  Leberk*"  2,  537),  which 
stated  icteric  urine  to  contain  hippuric  acid  whether  benzoic  acid 
had  been  taken  or  not.  The  intiuiry  was  lately  resumed  by 
Scbultzen  (Heichert's  "  Archiv."  1863,  p.  204).  and  the  contra- 
dictions explained  in  a  satisfactory  manner.  He  examined  the 
urine  of  a  man  who  for  eight  months  had  been  suffering  from 
icterus,  500  c.c.  yielded,  after  evaporation  by  itself*  without  any 
previous  preparation,  only  benzoic  acid.  No  hippuric  acid  could 
be  found  Tlie  patient  then  had  a  drachm  of  benzoic  acid,  satu- 
rated with  soda  given  to  him  between  the  hours  of  three  and  nine 
KM.  All  urine  collected  up  to  next  day  yielded  only  benzoic,  and 
no  hippuric  acid.  The  patient  now  took  another  drachm,  and  the 
urine  after  collection  wius  immediately  treated  with  acetate  of  lead, 
80  as  to  remove  those  changeable  matters  which  are  capable  of 
acting  as  ferments.  The  extmct  now  yielded  a  large  amount  of 
hippuric  and  no  benzoic  acid.  It  was,  tlierefore,  e%'ident  that  in 
this  case  of  jaundice  imm  occlusion  of  the  common  duct,  the 
benzoic  acid  was  transforjued  in  the  same  manner  as  in  health, 
and  that  in  the  previous  experiments  it  must  have  been  simply 
decomposed  by  the  action  of  a  ferment  which  quickly  develops 
in  urine  containing  biliary  colouring  matter.  Five  days  later 
the  patient  discharged  urine  which,  after  precipitation  with  lead- 
salts,  evaporated  and  extracted,  yielded  as  much  hippuric  acid  as 
healthy  urine.  Two  further  experiments  upon  the  same  patient 
yielded  the  same  results.  The  patient  recovered  his  health 
several  weeks  after  the  inquiry  iusiituted  ufmu  him.  SchuHzen 
also  examined  the  urine  from  a  case  of  fresh  icterus,  from  sup- 
posed catarrh  of  the  common  duct.  It  yielded  hippuric  acid, 
and  in  larger  (|uantiiy  after  benzoic  acid  had  been  administered. 
Most  remarkable  was  the  case  of  an  aged  female,  afflicted  with 
closure  of  the  common  duet  by  a  gall-stone.  She  had  severe 
colic,  was  greatly  jaundiced,  and  her  feces  contained  no  pigmenL 
Hippuric  acid  was  found  in  the  urine,  but  only  when  it  was 
"uixed  with  the  lead-salt  immediately  after  emission.     If  allowed 
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to  staod  by  itself  for  one-quarter  of  an  hour  after  emission,  it 
became  decomposed,  and  then  yielded  no  longer  hippuric  but 
only  benzoic  acid  to  analysis. 

This  experience,  made  upon  pathological  specimens  and  casee, 
furnishes  evidence  in  support  of  the  opiiuun  which  I  have  ad- 
vanced in  the  physiological  consideration  of  the  origin  of  hip- 
puric acid.  The  gljkokoU  of  the  glykocholic  acid  is  probably  not 
essential  for  the  formation  of  hippuric  acid  in  urine.  The  decom- 
position of  hippuric  acid  in  urine  and  the  consequent  appearance 
of  benzoic  acid  may  be  due  to  the  influence  of  ferments,  or 
bodies  capable  of  quickly  generating  ferments  excreted  with  the 
urine  by  the  deranged  economy  of  the  body. 

One  feature  is  verj'  striking,  both  in  these  experiments  of 
Schultzen  and  the  observations  of  Erdmann.  They  always 
found  either  hippuric  or  benzoic  acid,  never  a  mixture  of  the 
two.  In  my  own  analysis  a  little  benzoic  acid  was  found, 
and  had  evidently  been  derived  from  three  or  fourspecinieua  only 
out  of  the  twenty  examined.  But  it  was  mixed  with  an  over- 
whelming amount  of  hippuric  aciA  From  this  I  conclude  that 
fermentation  once  begun  in  the  urine  is  quickly  completed, 
as  far  as  hippuric  acid  is  concerned.  But  I  also  conclude  that 
the  benzoic  acid  in  my  own  specimens  was  not  due  to  fermen- 
tation»  but  present  in  each  as  a  normal  ingredient. 

I  examined  the  uriue  in  a  case  of  chronic  anaemia  for  hippuric 
acid.  On  the  first  day  of  examination  the  quantity  of  urine 
amounted  to  600  c.c»,  and  contained  0406  grm.  of  hippuric  acid, 
also  25 '2  grm*  of  urea,  and  8*1  grains  of  uric  acid.  On  the  second 
day  the  patient,  in  addition  to  her  diminished  blood  and  vital 
powers,  had  a  bad  cold;  1500  ac.  of  nrine,  containing  0258 
grm.  of  hippuric  acid  and  27  grm,  of  urea,  were  excreted. 
Only  two  little  crystals  of  uric  acid  conld  be  obtained  from 
400  c,c,  of  this  urine  by  the  addition  of  hydrochloric  acid.  Oa 
the  third  day  of  observation  the  amount  of  nrine  was  965  cc, 
and  contained  0244  grm,  uf  hippuric  acid.  On  the  fourth  day 
the  urine  was  600  c.c. ;  urea,  216,  gnn.  ;  hippuric  acid,  0'316 
grm.  Peculiar  in  these  four  specimens  was  the  very  dark  brown 
colour  of  tlie  extract.  The  urine  of  the  healthy  man  yielded 
a  light  yellowisb-brov^Ti  extract,  which  was  only  dark  brown  on 
the  days  when  some  benzoic  acid  was  obtained  besides  the  hi])- 
puric.  In  the  case  of  angcmia,  however,  no  benzoic  acid  wa^i 
obtained  on  any  occasion, 

Sponiatuaus  DepodU  of  Hippuric  Add  from  Suwan  Urine. 

As  the  type  of  hippuric  acid  deposits,  we  may  consider  the 
crystals  which  form  after  evaporation  in  nrine  containing  the 
acid  in  solution.  They  are  the  long  needle-like  rhombic  prisms 
in  a  variety  of  combinations,  the  crystals  forming  in  groups  uf 
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stellar  arrangeTOent  The  characters  which  diBtiDgtiish  the  kip- 
puric  acid  deposit  at  firet  sight  from  the  uric,  are  the  Bmall 
amount  of  colouring  matter  it  contains,  the  needle-like  shape, 
and  the  stellar  arrangement.  The  bippuric  acid  crystals  have  a 
tendency  to  become  eliib-shaped  at  their  enda  This  tendency 
eventually  results  in  the  apposition  of  many  acicQlar  crystalfl  to 
the  end  or  both  ends  of  a  single  prism. 

Deposits  of  hippiiric  acid  are  by  no  means  common.  I  have 
seen  only  very  few  instances  of  this  kind,  and  in  one  benzoic  acid 
bad  been  administered  as  a  medicine.  On  one  occaaion  I  found  a 
deposit  of  this  kind  in  the  urine  which  had  been  passed  by  a  young 
married  lady  after  a  severe  attack  of  colic  probably  from  gall- 
stones. Vogel  has  observed  several  times  needle-like  crystals  of 
hippuric  acid  deposited  upon  lai-ger  crystals  of  uric  acid.  Ordinarily 
the  proportion  betw^een  the  size  of  the  crj^stals  of  this  acid  is 
teversed  in  favour  of  the  hippuric  acid  crystals.  Small  needles 
of  hypoxanthine  may  be  fixed  upon  uric  acid  crystala  The 
diagnosis  is  ensured  by  filtering  off  the  deposit,  and  extracting 
any  hippuric  acid  by  boiling  alcohoL  On  evaporation  of  the 
solution  in  a  watch-glass  the  acid  will  recrystallise. 

The  deposits  of  hippuric  acid  are  by  no  means  due  to  the  same 
individual  causes  as  those  of  uric  acid,  though  the  same  causes 
may  co-operate  to  produce  such  deposits  ;  for  hippuric  acid  being 
more  soluble  in  w^ater,  it  follows  that  the  acid  must  be  present  in 
excess  before  any  deposit  can  take  place*  This  is  known  to  be 
not  requisite  for  a  deposit  of  uric  acii  Any  sediment  of  hip- 
puric acid  can  therefore  only  have  been  produced  by  the  co- 
operation of  two  immediate  causes  :  (1)  a  strong  acid  present  in 
the  urine  to  keep  hippuric  acid  in  the  free  state ;  (2)  an  excess  of 
hippuric  acid  over  the  normal  quantity,  and  exceeding  the 
amount  which  the  urine  at  a  certain  temperature  can  hold  in 
solutioa 


CHAPTER  XL 
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INTRODUCTION  AND  UTKRATURB, 

Thj£  urine  of  man  and  atiimalfl  contains,  if  not  regularly,  at  leaat 
very  frequently,  a  substance  which  by  certain  chemical  reagents, 
or  by  pntrefackion,  is  so  altered  as  to  yield  indigo  blue.  This 
anbstance  in  the  pure  state  seems  to  be  nearly,  if  not  quite, 
colourless;  but  oiiring  to  the  difficulty  of  obtaining  it  in  an 
isolated  state,  of  separating  it  from  the  normal  yellow  colouring 
matter  of  the  nrine,  urochrome ;  from  another  yellow  colouring 
matter,  which  easily  passes  into  red,  urolultine ;  from  a  third, 
perhaps  not  quite  colonrlesa,  though  but  faintly  coloured  matter, 
which  by  decomposition  with  acids  yields  a  red  product, 
urrkodine,  and  which  I  therefore  term  UTrhodinogcn, — this  indigo- 
genous  substance  has  always  been  ranged  amongst  the  colouring 
matters  of  urine.  This  confusion  has  been  carried  to  such  a 
climax  by  some  authors  that  they  maintained  that  the  yellow 
colour  of  the  urine  la  health  was  solely  due  to  the  presence  of 
this  indigo-beariog  substance,  and  by  others  to  this,  that  while 
they  allowed  the  normal  colouring  matter  to  be  peculiar,  they 
ascribed  the  yellow  colour  of  the  urine  in  many  diseases  to  the 
prevalence  of  this  supposedly  yellow  indigo-bearing  substance. 
These  opinions,  which  never  had  any  foundation  in  fact,  have 
been  reiterated  with  blind  pertinacity  by  ill-informed  writers,  so 
that  it  has  become  necessary  to  refute  the  errors  one  by  one,  and 
assert  or  reassert  in  detail  the  true  teaching  of  science  on  these 
subjects. 

That  the  indigo-bearing  substance  of  urine  is  eolourless  follows 
from  a  variety  of  facts,  such  as  that  the  most  colourless  urine, 
e.g*,  the  first  urine  in  the  reaction  from  cholera,  and  which  fre- 
quently contains  hardly  any  urochrome,  yields  the  largest 
amount  of  indigo,  and  consequently  contains  the  largest  amount 
of  indigogen  that  urine  ever  does  contain.  Further,  the  indigogen 
is  beat  isolated  from  urine,  in  which  it  may  be  contained  by 
processes  which,  as  a  preliminary,  do  endeavour  to  remove  every 
trace  of  coloured  ingredient  from  the  urine,  before  applying  the 
reagents  for  the  precipitation  of  the  indigogen. 
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Almost  the  same  statement  may  be  made  witb  regard  to  tlie 
substance  wliicb  by  decomposition  with  acids  yields  urrhotiint. 
This   urrliodinogea  also  is  present  in  the   colourless  urine  ofl 
cholera  reaction,  and  makes  its  appeamuce  only  by  the  aid  cif  I 
strong  chemolytic  and  oxydimug  agents,  and  of  heat.     Indeed* 
so  similar  is  the  behaviour  of  indigogen  and  urrbodinogen  in  this 
itjspeet,  and  they  seem  to  go  so  much  together,  that  most  authors 
have  assumed  them  to  be  one  body  only,  wliich  by  ehemoly&isi 
yielded   indigo    and  urrhodxne  in    atomic  proportions.      Thiij 
assumption  was  popped  up  by  a  fallacy,  namely,  that  urrhodiDe] 
was  a  kind  of  chemical  twin-brother  of  indigo  blue,  its  isomer,! 
indigo  red  or  indimbine.    But  urrhodine  cannot  be  the  isomer  of  ( 
indigo  blue,  because  it  contains  no  nitrogen,  and  for  the  same 
reason  cannot  be  identical   with  indigo  red,  whatever  be  thaj 
naiure  of  this  little  examined  substance. 

In  looking  at  the  literature  of  tliis  subject  a  little  more 
detail,  we  find  that  perhaps  the  earliest  record  of  the  occur 
in  urine  of  a  blue  colouring  matter  is  that  by  tTanus  1*' 
(**  Commentarii  Instituti  Bononiensis/' ad  ann.  1767)*  The  J 
chemical  description  of  a  blue  or  violet  colouring  matter  occur- 
ring in  urine  was  given  by  Braconnot  (*'  Ann.  Chim.  et  Phys  " 
29,  252),  who  termed  it  cyauouriue ;  and  though  he  found  that 
it  had  some  similarity  to  indigo,  believed  it  to  be  a  separate 
organic  base.  Subse<[uently  to  this  author  several  cases  were 
recorded,  in  which  a  substancq  corresponding  in  character  to 
cyauouriue  was  discovered  in  urine.  The  first  reliable  observa- 
tion, however,  of  the  occurrence  of  indigo  in  urine  is  by  Prout 
J^*'  Stomach  and  Urinary  l>igease^/*  3d  ed.,  p.  96).     The  same 

nbstance  afterwards  also  occurred  to  other  observers. 

Heller  ("Arcbiv*  ftir  Chemie  and  Mici-osc/'  1845)  was  thi 
first   to   extract   from  urine  a   yellow   substance,   uroxantUin€ 
which,  by  treatment  with  acids  at  a  higher  temperature,  yielde 
him  a  blue  substance,  uroglaucine,  and  a  red  pigment,  tirrbo»l 
dine.     The  cyanourine  of  Braconnot  he  declared  to  have  been  a 
mixture  of  these  two  bodies   produced  by  him.     Kletzinskyj 
(Hellers  '*  Archiv,"  6,  414)  showed  the  identity  of  uroglauciui 
with  indigo  blue  in  a  conclusive  manner,  and  asserted,  erroneous!] 
BB  we  shall  see,  the  identity  of  urrhodine  with  indigo  red.     Th€ 
observations  of  Heller  were  ignored,  doubted,  or  niisrepreaented 
by  many  authom  without  practical  experience.     Virchow,  how*, 
ever  (A'^irchows  "Archiv/*  6,  259)  confirmed  the  observatioi] 
of  Heller,  but  more  by  microscopical  than  chemical  criteria.     Hi 
obtained  the  blue  matter  from  every  concentrated  urine,  and 
observed  that  when  much  indigo-producing  substance  was  pre-l 
aeut  the  urine  gave  the  copper  test  for  sugar,     Schunck  (''  PhiLj 
Mag/'  (4)  14,  (1857)  288)  again  isolated  Heller's  uroxanthinc 
and  identified  it  with  indican,  which  he  had  before  discovered  tc 
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be  the  chromogen  contained  in  indigoferous  plants,  and  which, 
under  tlie  influence  of  acids  or  ferments,  yields  indigo  blue,  a 
peculiar  kind  of  sugar,  and  a  small  quantity  of  other  products. 
Schunck  found  his  supposed  indican  in  almost  every  specimen 
of  human  urine,  and  in  the  urine  of  many  animals.     In  1864  I 
(Hastings    Prize    Essay   on    "  Uroehrume,'*  &c.,)   controverted 
this  opinion  of  the  glucoside  nature  of  the  indigogenous  substance 
in  urine,  particularly  on  the  ground  that  no  sugar  was  fonned 
in  its  chemolysis.     This  fact,  now  admitted  and  published  as  a 
novelty  by  Baumann  (Ffliiger^s  "  Arcbiv/'  13  (1876),  3^7),  though 
evidently  fatal  to  tlie  indican  hypothesis,  remained,   however, 
unheeded  by  numerous  authors,  \^jio  filled  lengtliy  papers  with 
reoards  of  test-tiitie  experiments,  destitute  alike  of  value  and  of 
meanintr^  and  not   in  a   single   instance   even   isolated,   never 
analysed  for  its  elementary  composition  any  of  tiie  substances 
with  which  they  dealt  as  if  they  were  known  quantities.     Up  to 
1S72  the  test  for  the  presence  of  the  indigo-forming  substance  in 
urine  had  been  hydrochloric  acid  or  nitric  acid,  applied  in  a 
concentrated  state,  and  in  coosiderable  quantity,  assisted  by  heat 
up  to  boiling.     But  about  that  time  one  of  the  most  assiduous 
adherents  of  the  indican  doctrine,  Jafl'e,  found  that  the  oxydis- 
ing  action  of  air  in  the  presence  of  hydrochloric  acid,  or  that  of 
nitric  acid,  could  also  be  supplied  by  hydrochloric  acid,  to  which 
a  minute  trace  of  calcic  hypfichlorite,  in  the  shape  of  solution  of 
bleaching  powder,  was  added,     Tlie  blue  colour  then  appeared 
immediately  in  the  lltiid,  yet  warm  from  tlie  admixture  of  a 
volume  of  hydrochloric  acid  ec|ual  to  that  of  the  urine  employed- 
Tbe  reaction  was  made  the  basis  of  a  method  of  quantitative 
determination  of  indican,  which  yielded  data,  varying  between 
the  *•  unweigliable  "  and  the  **  colossal/'    About  tliis  time  the  dis- 
cussion also  began  to  gain  in  physiological  interest  by  the  observa- 
tion of  Kiihne  ( Virchow's  "  Archiv.  f  Pathol.,  AnaL"  vol  39),  that 
during  the  artificial  fermentation  of  albumen  in  the  presence  of 
minced  pancreas  the  indol  of  Baeyer  was  found.     Tiiis  was  soon 
confirmed  by  others,  and  as  after  injection  into  the  stomach,  or 
injection  into  the  circulation,  of  indol,  the  indigogenous  substance 
appeared  in  the  urine  in  apparently  iucreased  quantity,  Jafie 
formularised  the  new  knowledge  to  this  effect,  that  the  albumen 
during  the  pancreas  digestion    furnished  indol,  which   in   the 
circulation    was  oxydised  to  indigo  blue,  then  combined  with 
sugar,  and  ultimately  excreted  as  the  glucoside  indic^io.     The 
"  indigo  red  "  found  no  place  in  this  theory.     Baumann  now  not 
only  controverted  the  glucoside  h3rpothesis  of  indican,  but  showed 
that  the  chromogen  from  mitis  indigoffra  was  dilTerent  from  that 
of  (equine  ?)  urine,  and  propounded  that  the  latter,  for  which, 
notwithstanding  that  it  was  a  body  of  a  new  type  and  not  a 
glucoside,  be  still  retained  the  name  of  indican,  was  a  compound 
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acid,  in  which  the  radical  of  indigo  blue  and  the  radical  of  a 
body  which  we  easily  recognise  as  urrhodine  were  in  firm  union 
with  the  radical  of  sulphuric  acid.  However,  urrhodine,  or 
BauDiann's  red  body,  has  not  yet  got  a  place  in  the  pancreatic 
peptone  hypothesis;  and  the  sulpho-acid  hypothesis  was  not 
proved  by  direct  fact,  but  was  only  the  result  of  an  inference 
drawn  from  the  determination  of  the  precipitable  and  unprecipit- 
able  sulphuric  acid  contained  in  the  urine  of  a  dog,  to  which 
artificially  prepared  indol  was  given  with  the  food  in  such 
quantities  that  the  animal  suffered  from  suppression  of  urine 
for  thirty  hours,  and  then  discharged  an  albuminous  liquid  con- 
taining much  of  an  indigo-yielding  substanca  By  such  high- 
pressure  exxierimenta  is  it  now-a-days  attempted  to  solve  delicate 
physiological  problems. 

Modes  of  Isolating  the  Indigo  and  UrrhodifU'proditcing  SuisiaTices 

from  Urine. 

The  attempts  made  in  this  direction  have  hitherto  succeeded 
only  very  partially,  and  what  has  been  obtained  may  with  pro- 
priety be  called  concentrated  impure  solutions  of  the  substances 
sought  for.  The  processes  to  b3  described  must  therefore  be 
considered  as  essential  preliminaries  to  further  discovery. 

i.  ffeMcr*$  Mode  of  OUaining  the  Chr&mogtns  and  their  Pro- 
dmtsfrmi  Human  Urine, — The  urine  was  precipitated  by  acetate 
of  lead,  and  the  filtrate  evaporated  to  dryness  at  a  low  tempera- 
ture. It  was  then  extracted  with  ether,  which,  after  distillation, 
left  the  chromogens  as  a  yellow  residue  (Heller's  uroxanthine). 

Special  attention  must  be  directed  to  the  fact,  that  by  the 
precipitation  with  plumbic  acetate,  most  of  the  normal  urinaiy 
coloui'ing  matter,  urochrome,  was  removed  from  the  urine  before 
it  was  prepared  by  evaporation  for  the  extraction  of  the  chromo- 
gens. In  Schunck's  proceeding,  to  be  described  lower  down, 
this  removal  of  the  coloured  ingi-edients  was  carried  still  farther. 
The  precipitates  by  neutral  and  basic  lead  acetate  in  succession* 
or  that  obtained  by  basic  lead  acetate  only,  without  pre%ious 
application  of  the  neutral  acetate,  contain  none  of  the  indigo- 
genous,  and  only  little  of  the  urrhodinogenous  substance,  but 
contain  much  urochrome,  and  much  of  another  yellow  colouring 
matter,  uroluteine,  which  easily  decomposes  in  acid  solution,  and 
then  shows  before  the  spectroscope  an  absorption  band  at  the 
meeting  of  green  and  blue. 

Heller  obtained  the  indigo  blue  and  urrhodine  from  urine 
in  the  following  manner : — The  fresh  urine  is  precipitated  by  a 
hot  solution  of  acetate  of  lead,  the  filtrate  is  quickly  freed  from 
lead  by  hydrothion,  and  the  excess  of  the  latter  is  removed  from 
the  filtrate  by  boiling.  This  hot  fluid  is  now  poured  in  small 
portions^  under  constant  stirring,  into  an  equal  volume  of  highly- 
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concentrated,  fuming,  pure  hydrocHoric  acid.  The  fluid  becomes 
indigo  blue,  bluish-green,  and  very  dark.  If  the  mixture 
becomes  only  violet  or  red,  no  deposit  of  indigo  will  be  obtained. 
But  if  it  becomes  blue,  and  is  allowed  to  stand  for  some  time»  a 
copper-red.  shining,  metal-Uke,  dai-k  blue  crystalline  pellicle 
appears.  The  fluid,  after  twelve  hours'  standing,  is  diluted  with 
an  equal  portion  of  cold  water,  shaken,  and  put  aside  for  twenty- 
four  hours.  A  deposit,  frequently  inches  high,  settles  towards 
the  bottom ;  it  is  separated  from  the  fluid  by  filtration,  washed 
wifch  boiling  water  until  the  washings  have  a  neutral  reaction,  then 
washed  with  some  dilute  spirit  of  wine ;  lastly,  it  is  dried  in  the 
water-stove,  and  over  sulphuric  acid. 

The  dry  filter  is  now  washed  with  ether  so  long  as  a  red- 
coloured  filtrate  is  obtained ;  the  ethereal  filtrates^  which  have 
an  acid  reaction,  and  a  deep  red  colour,  leave  on  distillation  an 
uncrystallisable  brownish-red  resin,  urrh^ine.  If  the  last  por- 
.  tion  of  ether  has  left  the  filter  quite  uncoloured,  the  substance 
on  the  filter  is  quite  free  from  urrhodine,  and  is  now  dried.  All 
that  part  of  the  paper  which  shows  no  blue  deposit  is  now  cut  oflF; 
the  rest  is  cut  into  small  pieces,  put  into  a  flask,  and  boiled 
strongly  with  alcohol  of  0*83  to  0'9  specific  gravity.  The  alco- 
hol is  poured  off  as  often  as  it  assumes  a  sky-blue  or  pale  blue 
colour,  and  the  residue  is  extracted  with  a  new  portion  of  boil- 
ing alcohol,  until,  on  protracted  strong  boiling,  the  alcohol 
remains  colourless.  The  alcoholic  extracts  are  filtered  while 
boiling  hot,  concentrated  to  a  convenient  bulk,  and  put  aside  in 
a  well-closed  bottle.  After  the  fluid  has  become  cool,  in  some 
cases  after  protracted  standing,  indigo  hhie  is  precipitated  in 
microscopical  masses  of  imperfect  crystals.  The  supernatant 
alcohol  becomes  quite  colourless. 

2,  Schunck's  Modes  of  Obiainituf  the  Chromogens  itnd  their 
Products  front  Human  Urine, — cl  The  urine  is  mixed  with 
plumbic  acetate  as  long  as  this  produces  a  precipitate,  and  the 
latter  is  removed  by  filtration-  Basic  acetate  of  lead  is  now 
added  to  the  liquid  until  the  precipitation  is  complete,  and  the 
deposit  again  removed  by  filtration.  The  liquid  is  now  almost 
colourless,  as  nearly  the  entire  amount  of  the  yellow  colouring 
matters  of  urine,  together  with  all  the  phosphoric  and  sulphuric 
and  much  hydrochloric  acid,  and  a  few  other  ingredients  have 
been  removed  in  combination  with  the  lead  precipitates.  On 
addition  of  ammonia  to  this  nearly  colourless  liquid,  an  almost 
white  precipitate  is  obtained,  the  quantity  of  which  is  much  less 
than  that  of  either  of  the  other  two  precipitates.  If  this  preci- 
pitate is  decomposed  by  an  acid  and  the  mixture  filtered,  the 
filtrate  deposits  indigo  blue  on  standing, 

k  The  following  proceeding  dispenses  with  the  first  precipi- 
tation and  filtration.    The  urine  having  been  mixed  with  basic 
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acetate  of  lead  until  no  more  precipit%te  is  produced,  is  filtered, 
and  after  the  precipitate  has  been  washed  with  water,  the  liquid 
is  mixed  with  an  excess  of  ammonia,  which  always  produces 
more  or  less  of  a  white  or  yellowish-white  precipitata  This 
precipitate  is  collected  on  a  filter,  slightly  washed  with  water* 
and  then  treated  with  dilute  sulphuric  or  muriatic  acid  in  the 
cold.  After  the  whole  of  the  oxide  of  lead  has  combined  with 
the  acid  employed,  the  liquid  is  filtered.  WTien  there  is  much 
of  the  indigo-pro<{ucing  body  present,  the  filter  acquires  a  blue 
tinge,  small  particles  of  blue  pigment  are  seen  dotting  the  sur- 
face of  the  sulphate  or  chloride  of  lead,  and  the  surface  of  the 
liquid,  which  is  of  a  brownish-purple  colour,  in  a  very  abort 
time  becornes  covered  with  a  thin  pellicle,  which  is  blue  by 
transmitted,  and  copfer-coloured  by  reflected  Ught;  particles  of 
the  same  blue  substance  being  at  the  same  time  found  attached 
to  the  sides  of  the  vesseL  When  there  is  less  of  the  indigo- 
producing  boily  present,  this  pellicle  only  appears  after  some 
time,  sometimes  not  until  the  next  day.  After  twenty-four 
hours,  however,  the  action  of  the  acids  ia  always  completed,  so 
that  if  no  indigo  blue  then  appears,  or  can  be  detected  on  exa- 
mination of  the  deposit,  the  total  absence  of  the  indigo-producing 
body  may  be  inferred.  The  deposited  matter  collected  on  the 
filter,  after  being  washed,  is  treated  with  caustic  soda,  which 
dissolves  a  portion,  acquiring  thereby  a  brown  colour.  The 
portion  which  remains  undissolved,  after  lieing  again  collected 
on  a  filter  and  washed,  is  treated  with  boiling  alcohol  In  most 
cases,  the  alcohol  thereby  acquires  a  bright  blue  colour.  When, 
however,  tht^  quantity  of  deposit  formed  is  tolerably  large,  the 
boiling  alcohol  first  dissolves  another  substance,  which  imparts 
to  it  a  fine  purple  colour.  That  which  the  boiling  alcohol  leaves 
undissolved  is  a  bright  blue  powder,  having  the  properties  of 
indigo  blue* 

From  this  description  it  is  clear  that  the  liquid  obtained  by 
decomposing  the  last  lead  precipitate  M^ith  acid,  deposits,  uuder 
the  influence  of  the  excess  of  free  acid,  and  probably  of  the 
oxygen  of  the  air,  at  least  three  matters,  one  soluble  in  (very 
dilute)  caustic  soda,  prohBhly  uromeiamTie;  another  easily  soluble 
in  alcohol,  erroneously  supposed  to  be  indigo  red,  being  iirrhvdine, 
and  yielding  by  admixture  with  the  first  portion  of  blue  indigo 
solution  a  purple  solution,  and  ultimately  indit/o,  which  is  indeed 
mostly  only  partially  dissolved  by  the  boiling  alcohol;  another 
part  remaining  insoluble,  and  in  Heller's  experiment  attached  to 
the  paper. 

When  the  acid  liquid  from  which  the  three  coloured  bodies 
described  in  the  foregoing  have  been  obtained  by  standing  at  the 
ordinary  temperature  during  twenty-four  hours  is  boiled,  it  de- 
posits a  dark  brown  powder,  which  contains  no  indigo,  and  is 
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Triainly  a  mixture  of  the  decomposition  products  of  urochome, 
described  undt^r  the  chapter  referring  to  that  body. 

3.  Both  iDdigo  and  urrhodine  can  be  obtained  from  urine, 
v/hich  contains  their  generators,  by  niixiug  the  filtered  liquid 
with  an  equal  volume  of  concentrated  pure  hydrochloric  acid, 
aud  allowing  the  mixture  to  repose  for  thre^  days.  At  the  con- 
clusion of  that  time  the  reaction  is  completed,  and  the  product, 
an  apparently  voluminous  brownish-red  flaky  mass,  is  collected  on 
a  filter  and  washed  with  water  until  free  from  hydrochloric  acid. 
The  matter  on  the  filter  is  now  washed  with  cold  alcohol,  which 
removes  the  urrhodine,  next  with  hot  alcohol,  which  extracts 
gome  urrhodine  and  some  indigo  blue,  which  together  form  a 
violet  soUition  (yielding  indigo  and  faint  urrhodine  spectrum), 
and  leaving  perhaps  a  trace  of  blue  indigo  on  the  paper,  of  which 
a  portion,  but  rarely  the  whole,  may  be  extracted  by  boiling  the 
paper  with  alcohol  If  the  operation  baa  been  carefully  con- 
ducted, no  matter  soluble  in  caustic  soda  or  ammonia  with  a 
brown  colour  (uromelanine)  is  obtained.  It  must  be  observed 
that  in  this  process  some  urrhodine  is  always  obtained,  w^hereas, 
not  rarely,  indigo  is  not  obtained.  This  seems  to  point  to  the 
conclusion  that  indigo  and  urrhodine  do  not  derive  from  one  and 
the  same  body,  but  from  two  different  generating  substances,  and 
that  whereas  urrhodinogen  seem^  a  constant,  indigogen  is  not  a 
constant  but  only  a  frequently  occurring  ingredient  of  urine. 

4.  Baumann*s  process  of  isolating  the  indigogen  seems  to  have 
been  carried  out  on  the  urme  of  horses.  When  he  tried  the  so- 
called  method  of  Hoppe-Seyler,  which  is  in  the  main  the  pro- 
ceeding by  which  Schunck  obtained  his  indican  from  indigoferous 
plants,  he  always  obtained  pvToc^techin.  But  when  he  dissolved 
the  lead  precipitate  containing  the  indigogen  in  alcohol,  and 
treated  it  in  stages  with  ether,  some  of  the  precipitated  fractions 
were  obtained  fi^e  from  pyrocatechin»  but  contained  indigogen. 
This  formed  very  stable  salt-like  compounds  with  metals,  parti- 
cularly alkalies,  and  could  not  be  separated  from  them  by  acetic 
or  hippuric,  but  easily  by  oxalic  acid  and  the  strong  mineral 
acids.     The  indigogen  in  the  free  state  was  very  unstable. 

Baumann's  process  for  obtaining,  as  he  termed  it,  relatively 
pure  solutions  of  indigogen  is  the  following: — The  urine  is  eva- 
porated to  a  syrup  and  extracted  with  alcohol ;  the  alcoholic 
extract  is  again  evaporated  to  a  syrup;  this  is  strongly  acidified 
with  sulphuric  acid  and  extracted  with  ether,  containing  one- 
tenth  of  alcohol  The  ether  solution  is  decanted  into  a  separating 
funnel  and  at  once  mixed  with  a  little  water,  so  that  after  strong 
shaking  a  lower  watery  layer  separates  trom  the  ether.  This 
water  now  contains  the  indigogen.  It  is  isolated  and  immediately 
neutralised  with  potassic  carbonate,  and  the  solution  evaporated 
to  dryness.    The  residue  is  extracted  with  absolute  alcohol,  which 
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leaves  phenyl-sulpbate  of  potassium  undissolvod,  The  aloobolic 
solution  is  DOW  mixed  with  an  equal  volume  of  ether,  whereby 
the  potassium  compound  of  indigogen  is  precipitated  as  a  symp* 
By  repeatedly  dissolving  this  syrup  in  alcohol,  and  reprecipitatiiig 
with  ether,  the  urea  can  be  entirely  removed.  At  last  a  yeBow- 
coloured  sjrrupy  liquid  is  obtained,  which  can  be  dried  at  HKT 
without  undergoing  decomposition.  It  seems,  however,  that  this 
salt  yet  contained  some  hippuric  acid,  from  which  it  has  to  be 
freed  by  transformation  into  calcium  salt,  and  treatment  with 
absolute  alcohol.  At  this  point  Baumann's  description  of  chemical 
proceedings  diverts  to  experiments  with  indol  upon  a  dog,  by 
means  of  which  he  endeavours  to  make  probable  what  he  fails  to 
prove  by  direct  evidence,  namely,  that  his  indigogen  is  a  sulphuric 
acid  compound.  For  the  purpose  of  testing  the  hypothesis  of  tbiQ 
glucoside  nature  of  iudican,  he  heated  some  of  the  yet  impuro 
indigogen  wilh  dilute  sulphuric  acid  on  the  water-bath,  ncutralifled 
with  calcic  carbonate,  evaporated  the  mixture  to  dryness,  md 
extracted  the  residue  with  warm  alcohol  This  solution  waa 
again  evaporated,  and  the  residue  extracted  with  water.  A  red 
resin,  soluble  with  red  colour  in  ether  and  alcohol,  and  subli* 
mating  in  prisms,  was  left  undissolved.  The  yellowish  watenr 
solution  was  decolorised  with  animal  charcoal  and  concentrated; 
it  had  no  effect  on  polarised  light,  and  did  not  reduce  alkaline 
copper  solution.  No  pure  or  crystallised  substance  waa  obtained 
in  the  above  proceeding,  and  not  a  single  product  was  analy&ei 

Fhysieal  and  Chemical  Fropcrtks  of  Indigo  Slue  from  Urine^ 

It  assumes  the  shape  of  minute  irregular  crystals  when  alowlj 

precipitated  from  its  solution,  or  when  obtained  by  sublimation. 
Its  vapour  is  of  a  violet-red  colour. 

When  freshly  precipitated  from  its  solution  in  caustic  alkali 
and  glucose,  or  when  newly  sublimated,  it  is  somewhat  soluble 
in  boiling  alcohol.  The  sky-blue  solution  retains  the  indigo  for 
lesa  than  twenty-four  hours,  after  which  it  is  found  entirely 
deposited,  and  cannot  be  again  dissolved  in  the  same  alcohol  by 
heat.  The  solution  before  the  spectroscope  shows  an  absorption 
band  in  yellow  overlying  the  1>  line,  and  the  blue  part  very 
clear.  When  the  blue  part  is  not  clear,  but  obscured,  the  indigo 
is  not  yet  quite  pure,  but  contains  yet  some  urrhodina 

It  dissolves  on  trituration  in  fuming  sulphuric  acid,  fonning  a 
dark  blue  solution,  which  on  immediate  dilution  with  water 
deposits  traces  of  a  purple  substance.  The  blue  solution  dyes 
sheep's  wool  of  the  same  colour,  and  the  latter  vields  its  colour  to 
boiling  eesquicarbonate  of  ammonia.  The  blue  acid  soludon, 
like  the  alcoholic  solution  of  the  free  indigo,  exhibits  an  absorp* 
tion  band  overlying  the  yellow  in  the  spectrum.    Warmed  with 
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an  alcoholic  solution  of  potash  it  forms  a  green  solution,  which 
when  heated  to  boiling  becomes  red.  On  cooling  it  becomes 
green  again,  and  red  again  on  a  second  boiling ;  this  change  can 
be  several  times  repeated  before  the  solution  loses  the  faculty  of 
producing  it. 

.  Digested  in  a  closed  bottle  either  with  grape-sugar  and  potash, 
or  with  orpiment,  water,  and  excess  of  alkali,  it  yields  a  solution 
which  is  not  blue,  but  which  on  admission  of  air  deposits  indigo 
at  the  top  and  gradually  downwards,  or  becomes  suddenly  blue 
on  being  shaken  with  air.  Parallel  to  this  is  the  reduction  of 
indigo  in  the  nrine  in  which  it  has  been  formed  by  putrefaction. 
When  the  bottle  containing  it  is  stoppered  the  indigo  dissolves  ; 
but  when  the  air  is  again  admitted,  and  the  liquid  shaken  with 
it,  the  indigo  is  again  deposited,  and  collects  as  a  copper-coloured 
Bcum  on  the  surface.  The  alcoholic  solution  and  the  solution  of 
the  sulpho-acids  are  both  made  colourless  by  nascent  hydrogen, 
or  other  reducing  agents^  e.g.,  zinc  and  hydrochloric  acid,  hypo- 
sulphites, or  alkaline  solution  of  tin  protoxyda 

These  reactions  prove  incontestably  that  the  blue  pigment  from 
urine  is  identical  with  indigo  blue  from  plants. 

The  Chr&mogcn  of  Indiffo/crmis  Plants,  Indican* 

The  chromogen  of  iudigoferous  plants  is  a  peculiar  colourless 
substance,  which  has  been  obtained  (from  Imtis  tinttoria,  for 
example)  by  extraction  with  alcohol,  precipitation  of  the  extract 
by  acetate  of  lead,  and  decomposition  of  the  precipitate,  first  by 
carbonic  acid,  afterwards  by  hydrothion,  when  it  remains  in 
solution  in  the  filtrate.  On  evaporation  there  is  left  a  gum-like 
mass,  indican,  which,  when  boiled  with  acids,  yields  indigo  blue, 
a  peculiar  description  of  sugar,  and  a  small  quantity  of  other 
Hiattera  The  same  decomposition  is  brought  about  by  fermen- 
tation. The  chromogen  is  soluble  in  water,  alcohol,  and  ether. 
Schunck,  who  first  observed  this  substance  and  asserted  its 
identity  with  tlie  chromogen  of  urine,  also  stated  that  the  solu- 
tion of  the  vegetal  could  be  evaporated  without  change,  while 
that  of  the  animal  principle  was  destroyed  by  heat. 

Baumann  tested  some  extract  of  leaves  of  Imlis  (inctorm,  and 
found  that  with  hydrochloric  acid,  containing  in  100  c.c  one  to 
two  drops  of  a  solution  of  one  part  of  chloride  of  lime  in  twenty 
parts  of  water,  it  produced  indigo  immediately,  which  could  be 
taken  up  by  ethen  The  isatis  extract  could  not  be  heated  with- 
out decomposing  immediately ;  the  solution,  even  when  made 
alkaline  with  sodic  carbonate,  lost  all  chromogen  in  less  than  an 
hour.  Animal  indigogen,  on  the  other  hand,  could,  according  to 
him,  be  boiled  with  caustic  potash  without  decomposing.  Bau- 
mann failed  in  the  attempt  to  isolate  any  of  the  vegetal 
chromogen  from  fresh  isatis  plants.     It  is  therefore  evident  that 
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the  physiology  of  animal  indigogen  can  derive  bo  help  from 
these  experimenU  of  Schuuck  and  Bunmann,  and  that  the  vestal 
imdiean  U  a  substance  with  which  the  animal  indigogen  must 
not  be  confounded. 

The  following  paragraphs  are  given  to  enable  the  student  to 
iM^ily  procure  himself  materials  for  study  and  comparison.        4 

Mcde  of  Obtaining  Indigo  Biue  and  Jndigt)  Medjmm  th€  Indigo 
of  Comm4src€. — ^Wben  the  indigo  of  commerce  is  boiled  with 
clilute  acetic  acid,  indigo  glue  goes  into  solution,  and  may  be 
obtained  from  it  by  evaporation,  as  a  yellowish,  vamish-like 
mass,  which  is  soluble  in  water  and  alcohol  The  substance 
thus  freed  of  indigo  glue  is  next  treated  with  solution  of  caustic 
potash,  which  dissolves  imiigo  broum.  This  latter  eubstauce  may 
be  precipitated  from  the  solution  in  potash,  by  the  addition  of 
sulphuric  acid,  in  the  slmpe  of  a  voluminous  brown  mass,  which 
possesses  an  acid  reaction.  Indigo  thus  treated  with  acid  and 
alkali  yields  to  boiling  alcohol  a  red  colouring  matter,  indigo  red 
(indirubine  of  Schunck),  which  on  evaporation  of  the  alcohol 
remains  in  the  form  of  a  reddish-brown  powder,  soluble,  with  a 
dark  red  colour,  in  alcohol  and  ether.  On  heat  being  applied  to 
it,  it  is  partly  sublimated  without  decomposition ;  another  part 
is  decomposed,  and  yields  a  sublimate  of  colourless  crystals. 
After  the  extraction  of  indigo  red  there  remains  indigo  blue^ 
which  constitutes  the  greater  bulk  of  the  substance  originally 
employed.  This  indigo  blue  may  be  further  purified  in  the 
following  manner : — 

CTysiaUim  Iiuligo  Blue  hg  Sublimation. — Roughly  powdered 
indigo  is  placed  in  a  shallow  porcelain  dish,  or  on  a  bright  plate 
of  silver  or  platinum,  and  heated  cautiously.  On  the  surface  of 
the  fragments  there  are  formed  reticular  maases  of  crystals,  con- 
sisting of  pure  indigo  blue.  When  heated  in  a  glass  tube  indigo 
evolves  purple  fumes,  which  suddenly  condense,  and  settle  on 
the  surface  of  the  powder  from  which  they  were  evolved.  It  is, 
however,  impossible  to  conduct  the  sublimation  so  as  not  to 
destroy  a  part  of  the  indigo  by  overheating. 

Crgstallinc  Indigo  Bhi4  by  Riduciion, — On  mixing  powdered 
indigo  with  grape-sugar,  spirit  of  wine,  and  concentrated  solution 
of  caustic  soda,  and  immediately  closing  the  bottle  and  letting 
stand  for  some  time,  a  yellow  solution  of  indigo  white,  hydro- 
i^enated  indigo  (CgH^NO),  in  the  alkali,  results.  If  the  clear 
fluid  is  now  decanted  and  exposed  to  the  air,  the  reduced  indigo 
again  becomes  indigo  blue,  which  is  slowly  deposited  in  a 
crystalline  form. 

Amorphous  Indigo  Blue  by  Reduction. — If  common  indigo  is 
mixed  with  caustic  lime  and  a  solution  of  sulphate  of  suboxyde 
of  ii-on,  and,  the  air  being  excluded,  is  allowed  to  stand  for  some 
time,  the  suboxyde  of  iron  transforms  indigo  blue  into  indigo 
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\ihite,  which  latter  is  soluhle  in  lime.  When  the  ckar  yellow 
solution  is  poured  into  dilute  hydrochloric  acid,  and  the  mixture 
is  exiK>sed  to  the  air,  the  indigo  white  rapidly  absorha  oxygen, 
and  is  precipitated  in  the  form  of  indigo  blue. 

thysiml  and  Cfumlr^d  Pmpertioi, — The  crystalline  indigo 
blue  forms  purple,  scaly  crystals.  The  amorphous  modification 
poflsesses  a  hlue  colour  with  a  purple  hue,  and  by  friction 
becomes  of  a  glistening  copper^red  colour.  In  the  fonn  of  a 
subtle  powder  it  is  blue.  It  has  neither  taste  nor  flavour,  and 
is  insoluble  in  water,  ether,  and  dilute  acids  and  alkalies.  It 3 
solubility  in  alcohol  only  lasts  for  a  few  hours  after  its  forma- 
tion, and  then  is  entirely  lost. 

Jsalint, — The  oxydation  of  indigo  blue  yields  in  the  first  in- 
stance  isatine,  CgH^NOj ;  this,  under  the  continued  influence  of 
oxydising  agents  such  as  nitric  acid,  is  transformed  into  nitro- 
salicylic,  lastly  into  picric  acid.  The  compounds  obtained  from 
isatine  by  substitution  are  very  numerous.  Under  the  influence 
of  ammonia  it  forms  a  series  of  remarkable  amides*  \\Tien  iu- 
troduced  into  the  alimentary  canu.1  of  animals  or  below  their  skin 
it  gives  rise  to  colour-producing  substances,  which  have,  however, 
nothing  in  common  with  the  natural  chromogens  or  colouring 
matters  (R.  Niggeler,  "  Arch.  Experim.  Fatlt  and  Pharm.**  3, 
167). 

IndoL — Indigo  is  extracted  with  alcohol,  and  then  boiled  with 
tin  and  hydroehloric  acid  until  it  is  transformed  into  a  brow^nish- 
yellow  powder.  This  is  now  washed  and  distilled  with  a  large 
excess  of  zinc  dust  from  a  copper  retort.  The  distillate,  a  thick 
oil,  is  treated  with  dilute  hydrochloric  acid  to  remove  aniline,  and 
then  distilled  with  superheated  steam,  atid  the  distillate  placed 
over  sulphuric  acid.  Colourless  hard  crusts  of  crystals  of  indol 
are  deposited,  which  are  recry&tallised  froni  water.  Indol  crystal- 
lisee  in  scales  resembling  benzoic  acid,  fuses  at  52  ^  sets  again  in 
a  crystalline  form  on  cooling,  is  easily  volatile,  but  cannot  be 
distUled  by  itself  without  change.  It  is  easily  soluble  in  alcohol, 
ether,  and  hydrocarbons.  Traces  of  ether  vapour  cause  it  to 
deliquesce.  It  has  a  peculiar  odour,  reminding  of  naphtyl- 
amine.  It  is  a  feeble  base,  and  has  the  composition  represented 
by  the  formula  C^H^N  (Baeyer)*  According  to  Nencki  indol 
obtained  from  albumen  shows  vapour  density,  determined  at  218" 
in  an  atmosphere  of  naphtaline  vapour,  of  between  433  and  4  62, 
air  as  unit,  while  the  fonnuJa  CjjH^N  requires  4  05. 

When  the  watery  solution  of  indol  is  mixed  with  a  dilute 
solution  of  fuming  nitric  acid  in  w^ater,  a  voluminous  red  pre- 
cipitate of  needles  of  probably  nitrite  of  indol  enisues ;  this  on 
boiling  with  w^ater  or  alkalies  yields  again  iudoL  In  alcohol 
this  body  undergoes  decomposition,  Indol  in  alcohol,  when 
treated  with  nitrous  acid,  yields  red  needles  of  another  compound. 
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Tbk  hoij  m  alwaji  olitaiiied  bj  the  processes  for  obtamiz^ 
Mbp  Uw  altofe  deieribed,  ereii  in  cisea  when  no  indigci  Una  i 

f^StabmJL  TUs  teeau  at  firsl  sl^  to  tndBeate  tlist  it  hw  voftj 
dw  not  Ofigia  m  Ike  tsuc^o ;  and  until  the  oontmnr  ii  proved^ 
k  wiD  ba  bigl  to  afflieie  to  the  hjrpotbeaifl  that  it  is  the  piodoict  | 
af  the  decomposition  by  hydrocbkvie  aeid  of  a  aQbfltanoe  aij 
pfaaeat  not  idolated,  urrkcdinoffm*  UrThodine  k  feeqiienetljj 
itited  to  be  identical  with  the  indigo  red  or  iiidinibuie  e3CtnM:Ced1 
bgr  akohoi  from  comaercial  indigo ;  this  im^go  red  Is  ftutfaer] 
ttiafafained  lo  lia?a  Uie  nine  eompoeition  as  indigo  bloe*  and 
be  in  fact  ttji  isomer.  Whatever  may  be  the  lel^iati  of  indigol 
led  to  indigo  blne^  urrhodine  is  not  an  isomer  of  indigo  blue,  and* 
18  not  similar  to  it  in  composition,  as  it  contains  no  nitrogen. 

Urrhodine  ia  solnbk  in  ether  with  a  tmlj  red  colour.  The 
solution  matt  be  freed  from  every  trace  of  hTdrochloric  acid  by 
long  continnad  washing  with  water.      Its  1   phenomena^ 

are  very  chaiacteristic.    A  eoooentrated  sol  i  i  off  all  ligli 

except  red     After  considerable  dilution  with  ether  until  th 
solution  has  a  light  red  colour,  the  blue  of  the  spectrum  appears.* 
but  the  whole  of  the  green  remains  extinguished  by  a  characteristic 
absorption  band  of  about  2  degrees  of  intensity,  black  being  leaj 
degrees. 

The  red  resinous  ma*s  of  urrhodine  left  after  evaporation 
the  ether  was  subjected  to  elementary  analysis  by  the  prooess 
combustion  in  vacuo  (see  Thudichum  and  Kingzett,  "  Jourtw) 
Cbem.  Soc.''  1876,  il,  363),  with  the  following  result:  (1)  01)17! 
grm.  urrhodine  gave  26  16  cc.  of  normal  gas,  of  this  only  Oil 
cc*   were   not   ab<iorbed   by  caustic   potash,   and   consequentl] 
nitrogen.     The  calculated  carbon  from  26*00  cc.  CO,  is  783 
cent       (2),  0*0184  grm.   gave   total   normal  gas   280   c.a 
which  0'2  cc.  were  nitrogen;  the  carbon  calculated  from  27*8  cal 
CO,  IB  81 '0  per  cent      Now,  although   the   difi'erence  in  the 
quantity  of  carbon  found   prevents   us  from   accepting   either 
quantity  as  absolutely  correct  (these  analyses  were  made  before 
we  had  found  the  means  of  correcting  irregularities  described  in 
the  naper  jiiBt  quoted),  we  are  fully  justified  in  the  following 
conclusions  : — Urrhodine  contains  about  80  per  cent  of  carbon. 
li  amlaim  no  niiroffm,     Ii  is  coftsequentli/  not    idtiUical  with 
inulif/o  red,  and  is  not  an  isomer  of  indigo  blue,  but  an  animal 
$tib»fance  of  its  own  kind. 

Urrhodine  therefore  contains  sevenil  per  cent,  more  carbon 
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than  phenol  Some  of  the  ethereal  solution  dropped  into  mer- 
curic nitrate  produces  a  slight  turbidity,  the  resin  separating  and 
floating  on  the  top  of  the  liquid  without  producing  any  red 
coloration  or  precipitate.  Nitrate  of  silver  sokition  m  coloured 
of  a  faintly  rosy  hue  on  boiling,  but  no  reduction  is  produced. 
These  reactions  exclude  the  pi-esence  %vith  urrhodiue  of  phenol 
and  cresoL  It  is,  however,  not  asserted  that  the  urrhodine  ob- 
tained as  above  is  a  pure  substance.  It  shows  signs  of  crystal- 
lisation in  its  amorphous  substance.  When  subjected  to  sublima- 
tion  it  yields  a  red  vapour,  which  condenses,  and  the  sublimate 
then  clearly  consists  of  two  substances,  one  being  an  amorphous 
red  matter,  the  other  colourless  scaly  crystals.  The  red  matter 
remains  soluble  in  spirit,  but  the  crystals  seem  little  soluble  in  it. 

Physiological  Rdatimis  of  the  hidigogcn  of  Uriiu, — Kiihne 
made  the  observation,  that  librin  while  being  digested  with  pan- 
creas at  40°  to  45*'  evolved  a  strong  odour  of  naphtylamine  or 
indoL  A  continuation  of  the  experiment  showed  that  this 
phenomenon  was  not  due  to  pancreatic  digestion  proper,  inasmuch 
as  the  pure  ferment  pancreatine  did  not  yield  any  of  the  strong 
smelling  substance  when  digested  with  albuminous  substances. 
When  Kiihne  ("  Berlin  Chem.  Ges/'  8, 206j  distilled  dry  albumen 
with  eight  to  ten  times  its  weight  of  caustic  potash  in  metal 
retorts,  at  temperatures  rising  gmdually  and  slowly  to  a  dull  red 
heat,  redistilled  the  residue  with  water,  and  then  extracted  it 
with  ether,  he  obtained  in  the  united  distillates  and  extracts  a 
body  which  had  many  of  the  properties  of  indol,  though  it  was 
not  identical  with  it  The  body  is  supposed  to  be  idenlical  with 
that  described  by  Bopp,  aa  obtained  during  the  fusion  of  caseine 
with  potash,  having  a  smell  of  fj^ces.  Neueki  and  Fraukiewicz 
("  Berlin  Chem.  Ges/'  8,  336)  now  enlarged  the  experience  of 
Kiihne  by  the  following  experiment : — 300  grm.  commercial 
serum-albumen  are  dissoh^ed  in  4  J  litres  of  water,  and  mixed  with 
from  300  to  400  grm,  uf  minced  pancreas  of  the  ox.  The  whole 
is  kept  at  a  temperature  of  from  40"  to  SO"*  during  from  60  to  70 
hours.  After  cooling  the  mixture  is  filtered,  acidified  with  acetic 
acid,  and  distilled  to  about  one  quarter  of  its  original  volume. 
The  somewhat  turbid  distillate  after  filtration  is  perfectly  clear. 
It  is  now  made  alkaline  by  milk  of  lime,  and  shaken  with  an 
equal  volume  of  ether.  The  ethereal  solution  after  distillation 
leaves  a  reddish  oil,  which  smells  of  indoL  Mixed  with  a  little 
water,  the  oil,  after  some  time  becomes  crystalline,  and  after 
being  recrystallised  from  hot  water,  appears  as  pure  indol  with 
the  properties  above  described. 

Albumen  from  eggs  yields  the  same  result  as  serum-albumen ; 
but  the  experiment  with  gelatine  yields  so  little,  that  the  trace 
obtained  is  supposed  to  be  derived  from  the  albumen  of  the  pan- 
creas and  not  from  the  gelatine. 
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From  these  experiinents  it  follows  that  the  albuminoiu  stib- 
»ta[ic€9  under  the  infloence  of  a  kind  of  putrefaction  in  Ihe 
pTe«euce  of  pancreas  and  much  water,  continued  daring  nearlj 
thrice  twenty-four  hours,  are  capable  of  )nelding  indul.  From 
the  experiments  of  Jaff^  it  further  follows,  with  some  pvoba- 
bility,  that  indol,  when  introduced  into  the  organism  reappeaiB 
in  the  urine  transformed  into  a  substance,  which  by  hydrochloric 
acid  and  a  little  hypochlorite  of  lime  yields  indigo  blue,  like  the 
natural  indigogenous  substance.  It  cannot  be  said  that  the 
identity  of  the  indigogenous  matter  which  appears  after  the 
ingestion  of  indol  with  the  natural  one  is  at  present  a  matter  of 
certainty.  But  that  the  natural  indigogen  of  the  urine  may  be 
derived  from  the  albumen  of  the  food  will  probably  be  allowed. 
If  ow,  if  pure  pancnas  digedioTi,  that  is  to  say,  digestion  of  albu- 
minous mutters  in  alkaline  solution,  with  the  aid  of  pure  pancre- 
atic ferment,  does  not  yield  indol,  then  the  indigogen  of  the 
urine  cannot  have  its  origin  in  normal  pancreatic  digestion.  But 
as  indol  is  obtained  from  a  process  half  putrefactive,  half  diges- 
tive, such  as  not  rarely  takes  plac^i  in  overloaded  or  weak 
intestines,  it  is  not  impossible  that  the  indigogen  of  urine  is 
frequently  or  mostly  a  product  of  such  a  process.  In  the 
intestine  of  a  perfectly  healthy  human  being  little  or  no  indol 
is  probably  produced,  and  conf^equently  little  or  no  indigogen 
appears  in  his  urine.  But  in  others,  particularly  the  weak  and 
chronically  sick,  or  those  recovering  quickly  frt>m  severe  dis- 
eases, such  as  cholera,  or  in  those  who  have  swallowed  more  food 
than  the  digestive  powers  are  capable  of  disposing  of  in  an  abso- 
lutely normal  manner,  the  digestion  of  the  albuminous  matters 
is  not  completely  noimal,  but  participates  of  the  nature  of  putre- 
faction; and  under  these  circumstances  some  indol  is  formed, 
and  appears  as  indigogen  in  the  urine.  This  r^ointed  hypothesis 
seems  to  arise  easily  out  of  the  preceding  fact^.  But  it  need 
not  be  the  only  explanation  of  which  the  appearance  of  indigo- 
gen in  the  urine  is  capable.  In  omnivorous  or  herbivorous  ani- 
mals the  indigogen  of  urine  may,  and  in  horses,  in  the  urine  of 
which  it  is  said  to  occur  more  copiously  than  in  any  other, 
probably  does,  owe  its  origin  not  only  to  the  decomposition  of  a 
portion  of  the  under-digested  albuminous  matter,  but  also  to 
the  introduction  into  the  intestine  of  vegetable  principles,  which, 
like  the  indican  of  isatis,  is  soluble,  fermentable,  and  easily  fur- 
nishes a  radical  for  the  formation  of  the  indigogen  which 
appears  in  the  secretion.  With  these  data  the  fact  is  certainly 
in  harmony,  that  indigogen  is  not  invariably  present  in  the 
urine  of  all  individuals;  that  there  are  individuals  in  whose 
urine  it  is  as  a  rule  not  found;  that  there  are  others  in  the 
*^rine  of  whom  it  is  found,  or  not  found,  at  intervals,  chang- 
io  A  manner  which   by  the  observers  has   been  termed 
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capricious ;  and  that  there  are  persons  from  whose  urine  it  is 
never  absent 

Quantities  of  hidigogm  Secreted. 

The  physiological  quantity  of  the  cbromogen  in  urine  must 
be  exceedingly  small  By  workiug  for  several  weeks  on  the 
urine  of  two  individuals,  which  contained  a  comparatively  large 
quantity  of  chromogen,  Schunck  obtained  one  grain  of  indigo 
blue. 

The  urines  of  forty  different  individuals,  aU  of  whom  were 
apparently  in  a  good  state  of  health,  yielded,  with  one  exception 
[only,  more  or  less  indigo  blue,  when  examined  in  the  manner 
[described  These  individyals  belonged  to  both  sexes,  and  they 
'were  of  ages  var}*ing  from  seven  to  fifty-five.  The  majority 
\vere  persons  of  the  working  classes.  The  largest  quantity  of 
indigo  blue  was  obtained  from  the  urine  of  a  man  above  the  age 
of  fifty,  a  publicam  The  urine  of  a  young  man,  aged  thirty- two, 
a  servant,  yielded  almost  as  large  a  quantity.  Among  the  rest, 
the  urine  of  a  youug  man»  aged  twenty *five,  an  engraver ;  that 
Lof  a  clerk,  aged  twenty-three :  and  that  of  a  girl,  aged  twelve, 
'who  had  been  a  cripple  from  infancy,  were  alone  remarkable  for 
the  amount  of  indigo  blue  which  they  yielded.  In  all  these 
cases,  the  indigo  blue  was  accompanied  by  the  substance  impart- 
ing to  alcohol  a  purple  colour,  uixhodine.  The  other  specimens 
aflbi'ded  much  less,  sometimes  mere  traces.  In  all  cases,  how- 
ever, in  which  the  urine  of  the  same  individual  was  examined 
at  different  times,  the  amount  of  indigo  blue  obtained  from  it 
w^as  found  to  vary  exceedingly,  it  being  sometimes  coueiderable, 
and  occasionally  dwindliug  down  to  a  mere  trace.  It  w^as  only 
very  rarely,  how*ever,  that  none  w^as  found.  In  the  case  of  the 
individual  first  referred  to,  the  uritie  gave  on  one  occasion  not  a 
trace,  and  this  took  place  when  he  w^as  eugaged  in  performing 
labour,  unusual  fur  him  both  in  its  nature  and  amount.  In 
Schnnck's  own  case,  as  well  as  in  that  of  his  assistant,  the 
amount  varied  most  capriciously  from  a  tolerable  qimntity  to  a 
mere  trace,  occasionally  even  none  at  all  being  obtained. 

Several  experiments  with  diflereut  kinds  of  diet,  in  order  to 
ascertain  the  eflect  on  the  amount  of  indigo  blue  yielded  by  the 
urine,  led  to  no  very  decisive  results. 


Estimaticn  of  the  Quantity  of  Indigogen  contained  in  UriTie^ 
according  to  Jaffi. 

From  one  litre  to  a  litre  and  a  half  of  urine  is  made  alkaline 
w*ith  milk  of  lime,  and  the  precipitation  of  the  phosphates 
ia  completed  by  calcic  chloride.      The  mixture  is  allowed  to 
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atand  during  twelve  hours,  and  the  liquid  is  then,  after  fiUmtioi}, 
evaporated,  lastly  on  the  water-bath  to  a  thick  syrup.  During 
the  evaporation  the  reaction  of  the  liquid  must  be  tested  from 
time  to  time,  and  if  it  be  acid  a  little  eodic  carbonate  must  be 
added.  The  syrupy  residue  is  warmed  up  with  half  a  litre  of 
alcohol,  and  atter  complete  mixing  is  allowed  to  stand  for  from 
twelve  to  twenty-four  hours.  The  alcoholic  solution  is  then  fil- 
tered, and  the  alcohol  distilled  off.  The  residue  is  dissolved  in 
a  large  quantity  of  water,  and  treated  with  a  very  dilute  solution 
of  ferric  chloride,  any  large  excess  being  avoided.  The  ferric 
precipitate  is  filtered  otf,  the  solution  is  mixed  with  ammonia, 
heated  to  boiling,  filtered  from  the  ferric  precipitate,  and  evapo- 
rated to  the  bulk  of  about  200  cc.  This  fluid  represents  the 
concentrated  extract  of  the  quantity  of  urine  taken.  From  this 
solution  the  indigo  is  to  be  precipitated  by  an  exactly  appro 

{mate  quantity  of  chloride  of  lime  solution.  This  is  found  as  fol- 
ows : — A  measured  quantity  is  diluted  gradually  with  measured 
quantities  of  water  until  ten  cubic  centimetres  of  the  dilute 
solution,  when  mixed  with  an  equal  bulk  of  Strang,  pure  hydro- 
chloric acid,  and  treated  with  cue  drop  of  a  saturated  solution 
of  chloride  of  lime,  yields  ju-st  a  perceptible  blue  colour.  This 
is  the  standai-d  unit  of  the  reaction.  It  has  been  found  empiri- 
CftUy  that  the  quantity  of  indigogen  contained  in  these  most 
dilute  ten  cubic  centimeti^s  of  solution,  when  contained  in  more 
concentrated  solutions,  requires  the  quantity  of  hypochlorite  of 
lime  contained  in  half  a  drop  of  the  satumted  solution.  Or,  in 
other  words,  as  many  times  as  it  lias  been  necessarj'  to  dUute 
the  concentrated  indigogen  solution  with  water,  so  many  drops 
divided  hy  two  have  we  to  add  to  each  ten  cubic  centimetres  of 
the  original  solution  (mixed  with  its  bulk  of  hydrocMoric  acid) 
in  order  to  obtain  all  the  indigo  as  a  blue  precipitate. 

Supposing,  therefore,  that  a  litre  of  urine  had  yielded  200  cc, 
of  extract,  and  that  of  this  a  sample  had  required  to  be  diluted 
with  ten  times  its  bulk  of  water,  before,  on  repeated  testing,  10 
c.c.  of  it  with  10  c,c.  of  HCl  and  one  drop  of  saturated  chloride 
of  lime  solution  gave  the  required  faintest  blue  reaction,  then 
every  10  ex,  of  the  200  c.c,  of  extract  require,  besides  10  c.c*  of 
HCl,  five  drops  of  chloride  of  lirae  solution  for  complete  decom- 
position  of  the  indigogen.  When  the  indigogen  in  any  extract 
has  thus  been  decomposed,  the  mixture  must  be  allowed  to  stand 
for  twelve  hours.  The  precipitate  is  collected  on  a  weighed 
filter  of  Swedish  paper,  which  has  previously  been  extracted 
with  hydrochloric  acid.  It  is  washed  with  cold  and  hot  water, 
and  with  dilute  ammonia,  and  is  then  dried  in  the  water-stove 
and  weighed.  By  this  proceeding  Jafl'^  extracted  from  the  urine 
of  twenty-four  hours,  say,  1500  c.c.  fr^im  4  5  to  195  milli- 
grammes of  impure  indigo.    The  urine  of  dogs  yields  relatively 
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more ;  that  of  cows  much  more ;  that  of  horses,  on  an  average, 

twenty-five  times  as  much  indigo  as  human  urine. 

Varialian  of  Indigogfn  under  Pailwlogical  CoiiditianB, 

A  small  number  of  samples  of  urine  from  patients  which  Schunck 
had  an  opportunity  of  examining  yielded,  with  one  exception,  no 
more  indigo  blue  than  the  generaht)'^  of  healthy  urines.     Of  two 
samples  of  urine  from  patients  with  albuminuria,  one  gave  a 
small  quantity  of  indigo  blue,  the  other  not  a  trace.     Several 
specimens  of  diabetic  urine  yielded  it,  and  one  of  them  a  much 
larger  quantity  than  had  been  obtained  from  any  other  specimen 
,  of  hnmau  urine.     Heller  found  more  of  the  iudigogen  in  the 
urine  from  persons  suffering  from  diseases  of  the  serous  mem- 
Lbranes,  the  kidneys,  and  the  spinal  cord.     Jaffe  (Centralbl.  Med, 
i.W.  1872,  Nr.  1,  Nr  31,  32)  finds  that  in  the  dog  the  quantity 
of  indigo  obtainable  varies  with  the  diet,  so  that  animal  diet  yields 
the  most,  a  diet  poor  in  nitrogen  the  least  iudigogen.    During  star- 
ovation  a  trace  of  iudigogen  continues  to  be  produced  until  death. 
rUnder  certain  pathological  conditions  the  quantity  of  iudigogen  in 
[urine  is  much  increased.     Thus  in  all  casea  which  produce  com- 
^plete  obstruction  of  the  small   intestine.      In  a  case  of  ileus, 
which   terminated    fatally,  very  large  quantities  of  indigogen 
appeared  in  the  urine  during  the  course  of  the  disorder.     In 
similar  cases  the  increase  is  up  to  1 0  and  1 5  times  the  normal 
quantity^     Artificial  obstruction  of  the  small  intestine  in  dogs 
by  tying  caused  an  increase  in  the  quantity  of  indigogen,  begin- 
ning on  the  second  day,  and  lasting,  in  case  the  animal  survived, 
until  death.     In  a  case  of  inc-arcerated  hernia  the  amount  of 
indigogen  io  the  urine  was  increased  during  the  incarceration. 

In  purulent  peritonitis  the  indigogen  excretion  is  also  increased, 
probably  from  retardation  of  the  action  of  the  intestines, 


Indigogen  in  the  UriTie  of  Cholera  Eea^timi, 

In  apparent  contrast  to  the  data  just  stated,  is  the  condition 
of  the  urine  in  certain  cases  of  violent  diarrhcEia,  but  particularly 
in  the  reaction  stage  of  Asiatic  cholera,  {see  Thudichum 
**  Report  on  Cholera  Chemically  Investigated/'  9th  Eep,  Med.  Off. 
Privy  Council  for  1866,  p.  486.  et  seq.).  The  production  of  indigo 
from  the  urine  of  cholera  patients  was  first  observed  by  Gubler 
("Gaz.  Med.  de  Paris,"  Dec.  16, 1854).  The  urine  which  gave  him 
the  reaction  was  generally  very  pale.  He  found  the  blue  more 
evident  when  nitric  acid  containing  nitrous  was  used.  These 
observations  were  a  year  later  confirmed  by  H.  Osborne  ('*  Med. 
Times  and  Gaz."  March  1855,  307)  and  Lauder  Lindsay  (ibid., 
May  1855p  460).     Osborne  observed  that  the  urine  of  a  cholera 
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patient  recoTering  fiom  collapse  had  a  dark  colour  and  a  turbid 
appearance,  was  acid,  and  of  »p.  gr.  1020.  The  a*ldition  of  a 
little  pure  nitric  acid  changed  the  colour  to  reddish,  then  deep 
violet,  and  a  blue  powder  was  ultimately  deposited.  When 
nitric  acid  containing  nitrous  waa  u^ed.  effervescence  waa  pro- 
duced, and  a  brown  precipitate  subsided,  in  which  the  micra- 

,  acope  discovered  specks  of  blue  matter  ;  the  supernatant  urine 
remained  of  a  straw  colour  instead  of  a  deep  violet.      Hydro- 

[lehJoric  acid  acted  exactly  like  nitric  in  the  production  of  the  blue 
precipitate  and  violet  coloration.  The  Hue  matter  was  soluble 
in  alcohoL  The  urine  of  the  patient  gave  a  less  amount  of  blue 
precipitate  as  convalescence  l>ecame  established.  Lindsay's  first 
case  was  that  of  a  man,  aged  52,  recovering  from  collapse.  The 
first  urine  which  could  be  collected  was  passed  on  the  momiug 
of  the  third  day;  its  sp,  gr.  was  1020  ;  it  was  acid, slightly  albu* 
tninous,  and  contained  easts  of  the  tubules,  bladder-epithelium^ 
dumb-liells,  and  granular  and  globular  urate*  Nitric  and  hydro- 
chloric acid  both  produced  the  reaction,  the  urine  being  first 
heated,  and  the  acid  added  to  the  boiling  liquid.  On  standing, 
the  tube  became  coated  with  a  greenish-blue  granular  deposit 
On  the  fourth  day  the  urine  gave  no  pigment  reaction.  Hasaall, 
in  his  re|xirt  to  the  General  Board  of  Health  on  the  chemical 
examination  of  the  urine  of  cholera  patients  of  the  epidemic  of 
1854,  gave  an  account  of  numerous  instances  in  which  the  urine 
of  cholera  patients  de\"elo|)ed  indigo  by  fennentatiou  on  standing, 
without  the  aid  of  reagents.  Thus  out  of  29  samples  of  urine  of 
one  patient,  18  are  said  to  have  developed  indigo.  The  blue 
colour  of  small  pailicles,  sometimes  only  visible  with  the  aid  of 
the  microscope,  wa^  apparently  the  only  criterion  upon  which 
they  were  assumed  to  be  indigo.  The  reaction  with  nitric  acid, 
which  16  exhibited  by  the  earliest  urine  of  cholera  patients,  was 
also  observed  by  Buhl  (**  Official  Rt-port  on  Cliolera  in  Ilavaria/' 
Munich,  p.  521).  He  only  obtained  violet  or  purple,  but  no  actu- 
ally blue  reaction,  probably  because  he  omitted  to  boil  the  mixture. 
During'  the  cholera  epidemic  of  186C  a  number  of  specimens 
of  firbt  urine  of  cholem  patients  came  under  my  observation 
which  yielded  the  pur^^le  and  blue  reaction.  The  precipitates 
obtained  by  boiling  the   urine  with  appropriate  quantities  of 

t'tiitric  acid  were  mostly  more  or  less  coloured.  Thus  in  one  case 
the  precipitate,  which  consisted  mainly  of  albumen,  was  of  dark 
brownish  puiide  colour,  and  yielded  to  alcohol  a  purple-blue 
matter,  which  exhibited  before  the  spectroscope  the  absorption 
band  overlying  the  1)  line,  but,  unlike  indigo,  had  the  blue  light 
entirely  absorbed  from  the  line  C  to  the  end  Similar  precipi- 
tates  yielding  solutions  offering  the  same  spectral  phenomena, 
were  obtained  from  a  number  of  eases.  In  other  cases,  however, 
a  pink  coloration  was  obtained  with  nitric  acid,  and  the  precipi- 
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tate  gave  a  red  solution  with  an  absorption  band,  fainter,  but  in 
the  same  position  as  that  of  the  blue  solution,  I  carefully  com- 
pared the  spectra  to  those  of  diflerent  indigo  solutions,  and  came 
to  the  conclusion,  that  however  similar  to  indigo,  they  were  not 
quite  identical,  and  consequently  I  termed  the  blue  matter  uro- 
eyaniive  and  the  red  one  urornhine.  All  the  observations  which 
I  then  recorded  are  perfectly  correct  in  every  particular,  hot  they 
require  a  somewhat  dilfca^nt  interpretation,  I  was  not  then 
aware  of  the  effects  which  different  solvents  and  sli^^ht  admix- 
tures and  variations  in  l^imperature  have  upon  the  phenomena 
of  absorption  in  the  spectrum.  These  effects  I  oidy  discovered 
during  my  studies  of  the  luteine  compounds  (11th  Kep,  of  the 
Itled,  Off  for  1868,  pp.  X90,  193). 

The  spectrum,  then,  of  the  blue  and  red  matter  from  cholera 
is  that  of  indio;o  as  regards  the  absorption  ;  the  difference  in 
widtli  and  in  tensity  is  caused  by  different  concentrations  and 
tenipemtures :  the  slight  shifting  of  the  bands  depends  upon 
the  diflerent  concentration  of  the  solvents  employed^  which  in 
the  case  of  the  urinary  matters  were  of  necessity  very  dilute  and 
somewhat  acid.  The  urocyanine  is  really  indigo,  with  a  little 
urrhodine  absorbing  the  blue ;  the  nrorubine  is  urrhodine 
containing  a  little  indigo  in  solution,  producing  the  specific  ab- 
80i*ption-  Whether  the  blue  was  absorbed  by  urrhodine  alone, 
or  also  by  a  product  of  its  reaction  with  nitric  acid,  or  by  a  third 
independent  matter,  remains  to  be  decided.  For  this  diagnosis 
the  data  of  comparison,  which  w^ere  not  then  extant,  are  now  at 
hand  in  the  foregoing  part  of  this  chapter,  and  in  other  chapters 
of  this  treatise. 

We  can  now  give  a  not  improbable  explanation  of  the  occur- 
rence in  unusually  large  quantities  of  indigogeu  in  early  urine 
passed  by  patients  recovering  from  cholem  collapse.  In  the 
course  of  the  choleraic  process  large  quantities  of  albuminous 
matters  in  the  muscles  and  organs  lose  their  colloid  state  ;  and 
having  in  this  process  of  liquefaction  al>sorbed  the  necessary 
amount  of  heat,  and  thus  produced  the  low  temperatuit*  observed 
in  all  cases  of  collapse,  pass  into  the  blood,  and  from  this  into 
the  intestinal  c^uaL  Ilure  they  are  immediately  subjected  to  a 
feraieutative  process,  which  resembles  in  many  respects  the 
kind  of  putitjf action  modified  by  pancreatic  ferment  which  we 
have  described  above.  Indol  is  no  doubt  produced,  and  the 
rose-pink  colour,  which  intestinal  contents  and  evacuation  of 
cholera  patients  give  with  nitric  acid  {see  p.  483  of  my  Report 
for  1867),  and  which  has  hitherto  not  been  explained,  is  probably 
due  to  a  reaction  which  indol  in  dilute  solution  is  known  to  give 
with  dilute  nitric  acid  containing  nitrous.  Of  this  indol  the 
greater  part  is  discharged  in  the  rice-water  evacuation;  but 
another  part  passes  on  the  resumption  of  absorption  from  the 
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intestine  into  the  blood,  and  is  excreted  as  indigogen  with  the 
first  urine.  The  first  urine  is  favourable  to  the  discovery  of 
indigogen,  as  it  contains  little  or  no  urochrome,  which  by  treat- 
ment with  acids  might  yield  dark-coloured  products,  and  thus 
obscure  the  indigo  and  urrhodine  produced.  That  not  all  the 
indol  formed  in  the  intestine  and  absorbed  into  the  blood 
reappears  as  indigogen  in  the  urine  is  probable  from  an  experi- 
ment by  M.  F.  Masson  (''  Arch.  PhysioL  Norm,  et  PathoL"  Paris, 
1874),  who  found  that  after  an  injection  of  0'135  grm.  of  indol, 
with  20  c.c.  of  water,  under  the  skin  of  a  rabbit,  0*0455  grm.  of 
indigo  were  obtained  from  the  urine,  or  only  one-thiid  of  the 
quantity  which  should  have  been  obtained  if  all  indol  had  been 
transformed  into  and  excreted  as  indigogen. 


CHAPTER  XIL 

PYROCATECHIX,  Cfifi,, 


HISTOBY  AND  LITERATURE, 

Pyrdcatechin  waa  first  observed  in  human  mine  by  Miiller 
,and  Ebstein  (Virchow's  *' Arebiv/' 62,  554)^  next  by  Fkischer 
(["Berlin  Klhh  Wocbensohr/'  1875,  Nr,  39  and  40)  and  Furbrin- 
BT  ("CentralbL  Med.  Wissench."  1875,  p.  873),  Boedecker'fi 
alcapton  ("Ann.  Chem/'  117  (1861),  98)  is  probably  identical 
witb  pyrocatechin.  Bauraaun  (Ptliiger*s  "Archiv."  12  (1876),  63) 
showed  that  this  body,  though  perhaps  not  a  constant,  is  yet  a 
very  frequent  ingredient  of  hnman  urine^  and  ia  always  present 
in  the  urine  of  horsea.  According  to  a  later  coranuiuication  by 
Baumann  (Pfliiger's  *'  Archiv/'  13  (1876),  300),  pyrocatechin 
occurs  in  the  urine  of  horses,  partly  ia  the  free  state,  partly  in 
combination  with  sulphuric  acid,  as  pyrocatechin-snlplmric  acid. 

Modes  of  Extracting  from  Human  Urine. 

From  one  to  two  litres  of  urine  are  acidified  and  evaporated ; 
the  residue  is  extracted  with  ether.  The  ether  is  distilled  off, 
and  the  residue  redissolved  in  water  is  tested  for  pyrocatechin 
by  the  reactions  to  be  described, 

Mode^  of  Extracting  from  the  Uriiu:  of  Horses. 

The  urine  is  acidified  with  acetic  acid  and  extracted  with 
ether;  the  ether  extracts  are  distilled,  and  the  resinous  black 
residue  is  dissolved  in  water  and  filtered,  to  the  filtrate  a  few 
drops  of  lead  acetate  are  added  to  effect  a  purification  of  colour- 
ing and  resinous  ingredients  ;  the  filtrate  is  cauHonsly  neutralised 
wntb  ammonic  carbonate,  and  then  treated  with  lead  acetate  as 
long  as  a  precipitate  is  produced.  This  is  filtered,  washed,  and 
decomposed  by  hydrothion  under  water ;  the  filtered  solution  is 
concentrated,  and  having  a  strongly  acid  reaction,  becomes  again 
coloured.  It  is  therefore  neutralised  with  barytic  carbonate,  and 
again  extracted  with  ether.  The  ether  is  distilled  oft',  and  the 
residue  taken  up  in  water,  filtered,  and  tested.  In  this  manner 
Baimiann  obtained  pyrocatechin  in  the  crystallised  state,  but 
never  pure  enough  for  subjecting  it  to  elementary  analysis. 
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Modit  of  Showing  thcU  PyroeaUehm  m  Pnseni  in  Urine 
(of  Horses)  in  a  Comhimd  Farm. 
200  ex.  of  horse's  urine  are  acidified  with  acetic  acid  and  ex-l 
tracted  with  ether*     The  urine,  which  is  now  free  from  pyrocate-l 
chin,  IB  heated  on  the  water-bath  for  some  time  with  hydrochloric  1 
acid,  and  when  cool  again  extracted  with  ether.     These  extracts 
yield  a  reddish-hruwn  resinous  mass,  from  which  water  extracts 
hippuric  and  benzoic  acid,  phenol,  pyrocatechin,  and  some  resinous 
bodies.     The  residue  is  extract-ed  with  water,  and  this  solution 
yields  the  reaction  of  pyrocatechin. 

Chemical  Characters  and  Relations  of  Pyrocatethin, 

As  the  name  indicates,  the  substance  is  obtained  by  the  dry 
distillation  of  catechin  and  other  vegetable  extracts,  and  of  wood 
(Boiling  of  a  concentrated  solution  of  grape  sugar  with  caustic 
potash  is  also  said  to  yield  it,  but  the  relative  experiments  are 
80  inconclusive  that  the  matter  is  doubtful).  The  distillate  ia 
evaporated  to  crj^staUisation ;  the  ciystals  ai^  pressed,  dried,  and 
then  repeatedly  sublimated,  until  they  are  quite  colourless,  and 
no  longer  becouie  coloured  on  exposure  to  air.  They  are  broad, 
white  shining  lamime,  resembling  benzoic  acid,  which  melt  at 
from  111''  to  1 16°, and  volatilise ;  the  substance  fused  in  quantity 
boils  at  between  240°  and  250°,  and  yields  colourless  vapours, 
which  condense  into  a  quickly  crystallising  oil. 

Its  taste  is  sharply  bitter  and  burning.  Mixed  with  hydro- 
chloric acid  it  colours  tir-wood  violet.  With  aqueous  caustic 
alkalies  or  alkaline  carbonates  it  forms  a  mixture  which  is 
yellow  at  first,  then  becomes  greenish-yellow,  and  lastly  brown 
or  black.  The  change  of  colour  progressing  from  tlie  surface  of 
the  liquid  downwards,  is  accompanied  by  rapid  absorption  of 
oxygen.  The  aqueous  solution  of  pyrocatechin  produces  a 
greenish  precipitate  wnth  silver  solution,  the  silver  being  partly 
reduced ;  it  forms  a  dark  brown  precipitate  with  solution  of  gold, 
and  reduces  platinic  chloride.  It  reduces  alkaline  tartrate  of 
copper  solution  on  boiling,  giving  a  red  precipitate  of  cuprous 
oxyde,  and  a  supernatant  dark  green  liquid.  It  colours  ferric 
salts  dark  green,  and  then  forms  a  black  precipitate ;  the  dark 
green  colour  is  changed  by  alkalies,  even  in  very  dilute  solution, 
to  a  beautiful  violet-i-ed,  like  that  of  permanganate  of  potash,  and 
the  green  colour  is  restored  by  acids  if  added  immediately*  The 
test  is  best  observed  in  very  dilute  solutions.  Pyrocatechin  dia- 
Bolves  very  readily  in  tdcohol,  less  readily  in  ether.  It  does  not 
precipitate  gelatin  or  the  salts  of  quinine. 

l^ijrocaitchin  and  Lead. — The  watery  solution  of  pyrocateohiii 
forms,  with  neutral  acetate  of  lead,  a  thick  white  precipitate, 
which  is  permanent  in  the  air,  nearly  insoluble  in  w^ater,  but 
readily  soluble  in  acetic  acid      Itf  composition  is  C^H^PbO^ 
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which  requires  70 '89  per  c^eiit  PbO,  PyroGatechin  is  thereforo 
a  dibasic,  though  weak  acid.  This  reaction  may  therefore  be 
used  in  processes  for  its  isolation  from  animal  liquids. 

Diapwsis  and  Significance  of  (lie  Presefice  of  PyrocaiecMn 
in  Urim. 

Wlien  horses*  urine  is  allowed  to  stand  exposed  to  the  air  fur 
from  one  to  three  days,  it  may  be  observed  that  it  becomes 
coloured  dark  to  nearly  blackish -brown  on  the  surface  ;  the 
coloration  decreases  downwards,  and  the  lowest  layers  of  the 
liquid  present  the  original  light  colour  of  the  secretion.  This 
process  is  now  explained  as  being  the  result  of  the  oxydation  of 
p>Tocatechin  by  the  oxygen  of  the  air.  The  urine  must  be 
alkaline  for  the  reaction  to  take  placa 

Human  urine  when  made  alkaline  and  exposed  to  the  air  does 
not  ordinarily  show  this  cokiration ;  but  when  it  has  been  de- 
composed  by  thorough  putrefaction,  the  light-coloured  liquid  on 
exposure  to  air  becomes  brown.  This  reaction  also  is  now  ex- 
plained as  being  due  to  pyrocatechin,  at  least  in  all  those  cases 
where  the  urine  which  shows  the  phenomenon  aim  yields  pyro- 
catechin  to  ether,  or  gives  a  violet  reaction  with  ferric  salt,  which 
disappears  by  aciditication  with  acetic  acid.  It  is  therefore  pro- 
babie  that  the  pyrocatechin  in  putrid  human  urine  is  a  product 
of  tlie  decomposition  of  a  more  complicated  body  at  present 
unknown. 

The  urine  of  dcgs  fed  upon  flesh  does  not  yield  pyrocatechin. 
But  when  pyrocatechin  is  added  to  the  food  it  reappears  in  the 
urine  in  the  combined  state,  as  Baumann  supposes  in  the  form  of 
pyroc^techin-sulphuric  acid.  From  this  it  appears  not  impos- 
sible that  this  body  may  l>e  urophanic,  and  mainly  derived  from 
the  food,  at  least  in  herbivorous  animals.  Eut  when  it  appears 
in  human  urine,  it  seems  to  be  a  specific  product  of  diseased 
action. 

The  observation  whicli  led  to  the  discovery  of  pyrocatechin  in 
urine  is  the  following  one,  reported  by  Ebstein  and  MiiUer,  L  c. : — 
A  boy  was  shortly  after  his  birth  seized  with  jaundice,  but 
recovered.  There  remained,  however,  a  peculiarity  about  his 
urine^  consisting  in  this,  that  though  evacuated  almost  colourless, 
it  assumed  a  purple  colour  on  standing.  This  was  during  the 
first  year  of  his  life ;  about  the  age  of  eighteen  months  the  nriue 
became  brown  on  standing.  The  fresh  urine'  when  mixed  with 
alkali  became  brown  from  above  downwards,  oxygen  being  ab- 
florbed;  it  strongly  reduced  solution  of  silver,  and  alkaline  solution 
of  copper.  The  condensed  urine  yielded  an  ether  extract^  whiclj, 
when  re-dissolved  in  water,  gave  all  the  reactions  characterising 
pyrocatechin. 


CHAPTER    XIII. 

PHENOL-PRODrcrNG  SUBSTANCES— PHENOL- 
SITLPHUKIC  ACID,  C^H^O^ 


EfTEdDCCTTOJt, 

Fbese  human  urine  contains  no  phenol  in  the  free  state.  This 
can  be  proved  as  follows : — ( )ii  adding  to  20  aa  of  the  nrine 
saturated  bromine  water  until  the  mixture  is  strongly  yellow 
from  excess  of  bromine,  no  precipitate  or  turbidity  is  observed. 
Bat  on  adding  to  the  miiture  one  milligramme  of  phenol  dis- 
solved in  water,  a  white  precipitate  is  immediately  produced, 
and,  on  etauding,  settle»  in  the  liquid.  If,  therefore,  the  urine 
contained  as  much  as  one  part  of  phenol  in  twenty  thousand. 
the  bromine  would  directly  indicate  it  by  forming  the  insoluble 
tribromophenol  or  terbromo-carbolic  acid.  Any  phenol,  there* 
fore^  which  is  obtained  from  urine  which  does  not  in  the  fteah 
state  give  a  turbidity  and  precipitate  with  bromine  water,  is  a 
product  of  the  proce^is  applied  to  it^  asd  not  an  educt  Phenol 
was  first  extracted  from  the  urine  of  man,  the  horse^  and  the 
cow  by  Stadeler  C*  Ann  ChenL"  67  (1848),  360 ;  77  (1851).  17), 
The  questions  of  its  normal  presence  in  human  urine,  of  the 
state  in  which  it  was  present,  of  its  absorption  into  the  circula- 
tion when  applied  to  the  skin  or  introduced  into  the  stomach, 
have  engaged  many  obaervera,  to  be  mentioned  in  the  sequel- 
But  the  question  after  the  phenol-producing  suVistance^  received 
its  first  more  precise  answer  by  the  discovery  of  Baumann 
(Pfliiger's  *' Archiv/'  13  (1876),  247)  concerning  the  presence  in 
the  urine  of  horses  of  a  compound  of  phenol  and  sulphuric  acid, 
a  compound  which  he  also  found  to  be  excreted  by  persons  w^ho 
were  being  medicinally  treated  with  phenoL  A  second  form  in 
which  phenol  circulates  in  and  leaves  the  human  and  animal 
body  has  been  recognised^  and  now  awaits  further  investiga* 
tion. 

History  arid  Ziteraiure  of  Phenol,  or  Carbolic  Add^  C^H^O. 

Phenol  was  discovered  by  Eunge  ("Poggend,  Ann."  31 
(1834),  69;  32,  308)  in  co^-tar;  reoognisiug  its  feebly  acid 
properties,  he  described  it  as  carbolic  acid.  Laurent  (*'Ann. 
^'  'm/'  (3)  3  (1840),  195)  obtained  this  acid,  which  he  termed 
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pheiiic,  pure,  and  determined  its  properties  with  greater  accu- 
racy. He  also  discovered  the  trihromiDated  compound,  which 
was  first  employed  by  Landolt  (*'  Berlin-  Chem.  Ges."  4  (1871), 
772),  for  isolating  minute  quantities  of  phenol  from  watery 
liquids. 

Ocaii*reiice. 

It  is  found  in  large  quantities  in  coal-tar,  whence  it  is 
extmeted  by  various  processes  of  wholesale  manufacture.  Before 
it  was  produced  in  the  crystallised  state  it  sometimes  did,  but 
does  not  now,  pass  in  commerce  under  the  name  of  creosote, 
althmigh  its  properties  differ  considerably  from  those  of  true 
creosote  obtained  by  the  distillation  of  beech-wood.  According 
to  Wohler  it  occurs  in  castoi'eum  together  with  salicine.  The 
circurnstauces  inider  which  it  is  obtained  from  the  urine  of  man 
and  animals  seem  to  vary,  as  will  be  shown  in  the  following 
pages.  It  seems  to  be  id  a  small  degree  nrophanic,  that  is  to 
say,  to  reappear  in  hiint  traces  as  such  in  the  urine  after  it  has 
been  ingested  by  the  mouth  or  applied  to  the  skin,  while  the 
greater  part  ingested  seems  to  undergo  comhintition.  It  is 
formed  during  the  destmctive  distillation  of  a  number  of  well- 
defined  vegetable  principles,  such  as  salicine  and  salicylic  acid, 
and  of  some  compound  resins. 

MofJe  of  Obtainim^  Fheiiol  Pure. 

Coal-tar  is  subjected  to  fractional  distillation,  and  the  products 

which  pass  over  at  150°  to  200"*  are  collected  and  mked  with  a 

.solution  of  caustic  potash,  saturated  while  hot,  and  some  addi- 

[tional  potash  in  the  form  of  powder     The  greater  part  of  the 

[oily  liquid   thereupon  becomes  a  white  solid  mass,  which  is 

[separated  from  the  portion  which  remains  lirjuid,  and  dissolved 

[in   water.      This  solution  separates  in  two  layers — an  upper 

[light  and  oily  one.  which  is  removed,  and  a  lower,  hea%y  aque- 

|ous  solution  of  phenol  in  potash.     This  on  neutralisation  with 

hydrochloric  acid  gives  up  phenol  as  an  oil,  which,  after  digestion 

with  calcic  chloride,  is  distilled,     Tlie  distillate,  on  being  allowed 

to  cool  slowly  while   protected   from   contact    with   moisture, 

deposits  on  exposure  to  a  temperature  of  —  IQ''  large  crystals  of 

phenol,  which  may  be  separated  from   the  fluid  part,   again 

crystallised,  and  are  tlien  ready  for  use. 

Mode,  of  ShowinQ  (he  Presence  of  a  Phend-Fonnhig  Substance 
in  Human  Urine. 

The  urine  is  evaporated  and  treated  with  hydrochloric  acid 
and  ether  in  the  manner  described  for  the  separation  of  hippuric 
acid.  The  filtrate  from  the  crj^stals  of  acid  on  addition  of  water 
becomes  turbid,  and  deposits  drops  of  an  oily  nature.  These  on 
paper  cause  a  greasy  stain,  and  become  brown  after  some  time. 
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They  are  soluble  in  hot  water,  and  on  gentle  evapointioD  are 
again  deposited  as  oily  drops.     They  cause  precipitates  in  aolu- 

tioDs  of  nitrate  of  silver  and  suboxyde  of  mercury,  which  on 
boiling  become  black.  The  original  mother-liquor  of  these 
drops  gives  all  the  reactions  of  formic  acid,  with  this  difference, 
that  the  black  precipitates  in  silver  and  mercury  solutions  are 
not  granular  or  pulverulent  as  after  the  decomposition  of 
formiates,  but  flaky  and  bulky,  showing  that  a  voluminous 
product  of  decomposition  adheres  to  the  reduced  silver.  The 
solution  also  yields  a  precipitate  with  chloride  of  iron,  and  a 
slight  excess  of  this  reagent  produces  an  intense  and  lasting 
brownish-red  coloration.  When  the  liquid  which  gives  these 
reactions  is  distilled  with  dilute  sulphuric  acid,  a  distillate  is 
obtained  which  smells  of  phenol,  and  gives  with  bromine  water 
tribromopheuoL  This,  on  treatment  with  some  sodium  amal- 
gam, gives  a  solution  of  phenol,  from  which  the  latter  can 
be  obtained  by  extraction  with  ether.  200  c.c.  of  human  urine^ 
acidified  with  tartaric  acid,  and  distilled  to  one-half,  gave  a  dis- 
tillate from  which  two  portions  of  etlier  extracted  no  matter, 
which  after  distillation  of  the  ether  gave  any  reaction  for  phenol 
(Salkowsky,  Pfliiger's  **  Archive  5  (1871),  351), 

Mode  of  Obtaining  Phenol  from  Urine  of  Horses, 

The  acidified  distillate  from  quite  recent  urine  from  horses 
does  not  yield  the  reaction  for  phenol  either  with  excess  of 
bromine  water  or  with  ferric  chloride  (Buligioski,  in  "  Med. 
CheuL  Untert^,"  2,  234).  Phenol  is  therefore  not  in  solution  in 
this  urine.  The  addition  of  acetic  acid  to  the  urine  l>efore  dis- 
tillation does  not  cause  any  evolution  of  phenol,  so  that  this  body 
cannot  be  present  m  combination  with  alkali.  When  the  urine  is 
not  quite  fresh,  or  has  been  acidified  by  a  roiuei-al  aeid»  a  distillate 
18  obtained,  which  after  repeated  rectification  gives  the  tests  for 
phenol  by  ferric  chloride  and  the  tir-chip  (Lichen,  *'  Ann.  Chem/' 
1870,  suppL  baud,  7,  24U),  or  by  bromine- water.  The  quantit}' 
of  phenol  can  be  determined  by  causiiig  the  distillate,  after  rectifi- 
cation over  sutlic  carbonate,  to  stand  with  an  excess  of  bromine- 
water,  collecting  the  precipitate  on  a  weighed  filter,  washing  it, 
drying  over  sulphuric  acid  in  vacuo,  and  weighing  it  By 
deduction  of  the  filter  from  the  entire  weight  that  of  the 
tribromophenol  is  obtained,  and  by  deducting  from  this  three 
atoms  of  bromine,  and  adding  three  of  hydiogen,  the  weight  \X 
the  original  plienol  is  obtained. 

Mode  of  Isolating  the  Phenol-Forming  Substance  from  tJis  Urine 

of  Horses, 

The  urine  is  evaporated  as  far  as  possible  and  treated  with 
absolute  alcohol,  which  leaves  the  phenol-furming  body  undis- 
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solved.  The  residue  is  now  dissolved  in  little  water,  and  mixed 
with  spirit  of  wine  ;  the  phenol- forming  substance  now  remains 
dissolved,  while  a  great  part  of  the  8alt8  remains  insoluble  This 
solution  is  again  evapomted  as  fur  aa  possible,  and  again  treated 
with  absolute  alcohol,  which  again  leaves  the  phenol-forming 
body  undissolved.  This  residue  is  again  dissolved  in  water  and 
spirit,  and  treated  with  an  alcoholic  solution  of  oxalic  acid  as 
long  as  a  precipitate  is  produced  ;  this  is  filtered  off',  and  the 
solution  is  oversatu  rated  with  baryta.  The  filtered  solution  is 
again  concentrated,  extracted  with  alcohol  of  90  per  cent.,  and 
this  extract  evaporated  to  a  small  bulk.  After  standing  for  some 
weeks  in  the  cold,  this  extract  becomes  a  radiated  crystalline 
mass  (Baumann,  Ftliiger's  "Archiv/'  13  (1876),  289).  Another 
process  by  the  same  observer  is  the  following: — The  urine  of 
horses  is  evaporated  to  a  syrup,  and  extracted  with  spirit  of  wine, 
This  extract  is  exposed  to  the  cold* of  frosty  winter  nights,  when 
crystals  are  formed,  which  float  as  shining  scales  in  the  fluii 
The  crystals  are  collected  on  a  calico-filter,  pressed  l>etween 
blotting  paper,  and  crystallised  repeatedly  from  water  and  from 
strong  spirit  of  wioe.  They  then  appear  as  pearl-white  scales, 
and  are  the  potassium  salt  of  the  phenol- forming  substance.  They 
are  soluble  in  about  ten  parts  of  cold  water,  less  soluble  in  spirit 
of  wine,  almost  insoluble  in  cold  absolute  alcohol,  and  only  less 
iosoluble  in  boiling  absolute  alcohoL  If  the  solution  has  a  blue 
fluorescence,  it  is  not  yet  pure;  the  solution  of  the  pure  substance 
does  not  lluoresca  The  fluorescent  impurity  is  more  soluble 
than  the  phenol -producing  body,  and  cim  be  best  removed  by 
repeatedly  extracting  the  crystals  or  powder  with  a  quantity  of 
water  insutficieut  for  complete  solution.  Tlie  substance  is  a  com- 
pound of  phenol,  sulphuric  acid,  and  potash,  and  yields  when 
most  pure,  on  analysis^  the  following  quantities  of  elements : — 


Foim<L 
34*6  per  cent 
27 

18-1         » 
451 


Required  bj  C.H^KSO^ 

34'0  per  cent. 

23  „ 
18-4  „ 
46-2        „ 


This  salt  is  therefore  phenol-sulphate  of  potassium.  It  shows 
the  following  reactions: — Equivalent  quantities  of  the  salt, 
caustic  potash,  and  iodide  of  methyl  in  absolute  alcohol,  heated 
in  a  sealed  tube,  jrield  at  a  temperature  little  above  IOC*  sulphate 
of  potassium,  phenol,  and  unchanged  iodide  of  methyl,  but  no 
sulphite.  This  seems  to  exclude  the  presence  of  phenyl-sul- 
phuric  acid,  Wh%u  the  salt  is  fused  with  caustic  potash,  sulphite 
of  potassium  is  formed,  but  only  in  small  quantity ;  by  far  the 
greater  part  of  the  sulphur  is  present  in  the  fuse  as  sulphate, 
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The  solutions  of  the  salt  give  no  colour  reaction  with  ferric 
chloride.  The  dry  salt,  mixed  with  concentrated  hydrochloric 
acid,  is  decomposed  in  the  cold  completely,  yielding  phenol  and 
sulphuric  acid.  When  the  salt  is  gradually  heated  in  a  watch- 
glaaa  to  ITO^-ISO"",  vapours  smelling  of  phenol  are  evolved;  a, 
somewhat  coloured  residue  remains,  consisting  exclusively  of 
potassic  sulphate.  When  the  salt  is  quickly  heated  in  a  sealed 
tube,  or  even  in  an  open  test  tube  to  170'*-180'*,  until  it  beg^ins 
to  fuse,  it  is  transformed  into  another  crystallisable  salt,  the 
watery  solution  of  which  does  yet  in  great  dilution  give  a  blue 
violet  reaction  with  ferric  chloride. 

Mode  of  Obtainin>g  Phciwl  from  Vnne  af  Ccws, 

Stiideler  obtained  phenol  from  this  fluid  by  first  removing 
hippuric  acid  in  the  usual  way  with  lime  and  liydrochloric  acid. 
The  mother-liquor  he  subjected  to  distillation,  and  the  distillate 
to  repeated  rectification*  The  rectified  fluid  was  distilled  over 
hydrate  of  potash,  the  residue  was  partly  saturated  with  sul- 
phuric acid,  again  distilled,  the  distillate  rectified  over  chloride 
of  sotliuin,  and  saturated  with  carbonate  of  sodium.  The  oily 
matter  thus  separated  was  taken  up  with  ether,  the  ether  evapo- 
rated, and  the  residue  again  distilled  over  potash  ;  the  rest  of 
the  acid  was  evolved  from  tlie  potash  by  the  addition  of  bicar- 
bonate of  potassium*  By  continued  fractional  distillation  he 
obtained  almost  pure  phenol,  mixed  however  with  some  taurjdic 
iieid  or  cregol.  In  this  proc^^ss  the  phenol  is  probably  derived 
from  substances  similar  tu  those  contained  in  the  urine  of  horses. 

Physical  ami  Clumical  Properties  of  Phenol, 

Phenol  appears  at  the  oi'dinary  temperatui'e  as  a  firm  colour* 
less  substance,  crystallised  in  lon^  prisma.  The  crystals  fuse  at 
!;J4°,  forming  a  clear  fluid,  which  becomes  a  solid  again  at  15^ 
In  its  crystallised  state  it  quickly  absorbs  water  vapour  from  the 
atmosphere  and  deliquesces.  The  slightest  admixture  of  moisture 
prevents  its  crystallisution,  even  at  the  temperature  of  freezing  ^ 
water.  In  the  fluid  state  it  strongly  refracts  light,  has  a  peculiar  ' 
smell,  similar  to  creosute  and  castoreum,  and  a  burning  taste.  It 
is  little  soluble  in  water,  requiring  twenty  times  its  weight  at 
20"  for  solution,  but  can  be  mixed  with  alcohol  and  ether  in  all 
proportions.  In  acetic  acid  it  is  also  somewhat  soluble.  Its 
sp.  gr.  at  IS"  is  r065.  It  boils  at  188^  and  can  be  distilled  un- 
changed. It  does  not  redden  litmus,  and  on  paper  produces  a 
greasy  stain,  which  disappears  on  exposure  to  air.  Heated  to  a 
high  temperature,  it  takes  fire  and  burns  with  a  sooty  flame.  A 
few  drops  of  it  are  a  fatal  dose  of  poison  for  a  dog,  and  a  larger 
quantity  applied  to  the  skin  of  a  dog,  or  of  a  human  being,  also 
produces  symptoms  of  poisoning  and  death. 


niFNOL-PROOUCmO  SUBSTANCES, 


195 


It  dissolves  iodine  with  a  reddiah-brown  colour,  without 
thereby  changing  its  composition.  It  also  dissolves  sulphur;  but 
when  thia  solution  is  boiled,  sulphuretted  hydrogen  is  disen- 
gaged,  and  on  subsequent  cooling  a  liriu  white  matter  is  obtained. 
It  dissolves  several  resins,  and  pi^cipitates  albumen  in  very 
dilate  solution.  This  precipitate  is  soluble  in  an  excess  of 
albumen.     Solutions  of  gelatine  are  also  precipitated  by  it. 

In  order  to  identify  small  quantities  of  phenol,  moisten  a  chip 
i>f  white  pine  wood  with  the  supposed  phenol  or  it^  water}^  solu- 
tion, and  afterwards  with  hydrocliloric  acid.  Aft-er  drying,  and 
in  the  course  of  aVmut  half  an  hour,  the  chip  will  assume  a  bine 
colour.  Stadeler  recomniends  to  expose  the  chip  to  the  rays  of 
the  sun,  when  the  colour  will  appear  in  a  few  minutes.  The 
colour  is  not  destroyed,  but  only  bleached  a  little  by  chlorine, 
and  the  renewed  application  of  hydrochloric  a<^id  will  make  it 
appear  in  its  former  intensity.  It  is  necessary  to  test  the  w^ood 
to  be  employed  with  hydrochloric  acid  alone,  as  some  descrip- 
tions of  pine  give  a  blue  colour  with  the  acid  alone,  without  the 
intervention  of  phenol.  Other  kinds  of  pine-wood  do  not  yield 
the  coloration  even  with  undoubted  phenol,  and  these  must  also 
be  rejected. 

Another  characteristic  test  for  phenol  is  the  violet-blue  color- 
ation which  it  assumes  when  mixed  with  some  ferric  chloride. 
The  mixture  after  some  sttmding  depo.sit8  a  light-coloured  pre- 
cipitate. The  simplest  reaction  for  phenol  is  its  intense  and 
peculiar  odour. 

Phenol  is  rapidly  changed  by  oxydising  agents.  It  reduces 
the  oxydes  of  mercury  and  silver,  leaving  metaL  In  the  solu- 
tion of  nitrate  of  silver  and  nitrate  df  suboxyde  of  mercury,  it 
produces  white  precipitates,  which  become  black  on  boilmg.  In 
a  solution  of  mercuric  bichloride  it  causes  a  deposit  of  calomel  on 
standing.  Indeed,  most  of  its  reactions  are  so  similar  to  the 
reaction  of  formic  acid  that  it  may  easily  be  mistnken  for  it,  or 
for  sulphurous  acid,  from  which  the  immediate  black  precipitate 
in  nitrate  of  suboxyde  of  mercury  would,  Iiowever,  distinguish  it, 
which  belongs  tn  sulphurous  and  not  to  formic  acid  or  phenol 
The  reduced  black  precipitates  of  phenol  in  mercury  and  silver 
salts  are  floky  and  bulky,  and  do  not  settle  so  quickly  or  to  so 
small  a  bulk  as  the  metals  reduced  by  formiates. 

Mixed  with  leadperoxyde,  phenol  is  oxydised.  This  oxydation 
is  most  intense  when  the  phenol  is  dissolved  in  acetic  acid. 
Chromic  acid  quickly  oxydises  and  colours  it  black. 

Nitric  acid  transforms  it  under  evolution  of  red  vapours  into 
dinitrophenylic  and  trinitrophenylic,  or  picric  acid,  a  brOwn  resin 
and  oxalic  acid  being  collateral  products  of  the  reaction. 

Cldorine  gas  conducted  into  phenol,  or  applied  to  it  in  the 
nascent  state,  by  digesting  it  with  potassic  chlorate  and  hydro* 
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chloric  acid,  trausforma  it  into  a  mixture  of  several  acids,  con- 
taining two,  three,  or  four  atoms  of  chlorine,  in  place  of  as  many 
atoms  of  hydrogen,  dichloro-,  trichloro-.  and  perchloro-phenoL 

Concentrated  faming  sulphuric  add  dissolves  phenol  in  the  cold, 
under  evolution  of  some  heat,  and  deposits  it  again  upon  immediate 
dilution  with  water.  But  when  the  solution  has  been  allowed  to 
stand  for  twenty -four  hours  it  can  be  mixed  with  water  without 
anything  separating,  and  then  contains  a  sulpho-phenylic  acid. 

The  lead  compound  of  such  an  acid  was  produced  by  Stadeler 
with  the  product  of  diBtillation  Irom  cows'  urine.  The  acid  was 
boiled  with  plumbic  carbonate  ;  the  tiUrate,  which  was  neutral, 
w*as  evaporated  in  the  vacuum,  and  when  it  had  transformed 
into  an  amorphous  mass,  was  dried  for  a  long  time  at  lOO'-llO". 
At  first  oidy  water  escaped,  afterwarils  the  odour  of  phenol 
became  perceptible.  At  this  point  the  salt  was  considered  dry 
and  analysed.  It  yielded  55  11  per  cent,  of  lead  sulphate,  the 
formula  2(C<jIIgS0J,  Pb  rerjuiring  54*47  per  cent. 

Potassium  and  sodmni  slowly  decompose  phenol  ;  on  warm- 
ing, hydrogen  is  evolved,  and  a  compound  of  oxyde  of  phenol 
with  potassium  or  sodium  is  formed,  which  is  soluble  in  water. 
The  same  compound  is  produced  by  heating  phenol  with  hydrate 
of  potash. 

A  good  reaction  for  carbolic  acid  is  the  following : — -To  the 
liquid  to  be  tested  one-quarter  of  its  bulk  of  ammonia  is  added, 
then  a  few  drops  of  a  solution  of  chloride  of  lime,  containing 
one  part  of  bleaching  powder  in  twenty  of  water,  and  the  mix- 
ture is  gently  warmed.  If  sufRcient  phenol  is  present,  the 
mixture  becomes  blue  immediately  ;  if  the  solution  is  dilute,  the 
reaction  appears  only  after  sotne  time ;  5  c.c.  of  a  solution 
containing  one  part  of  phenol  in  4000  water  will  yet  give 
the  test. 

Benriiig  of  Phenol  in  the  Body  of  AnifnaU 

Some  of  the  results  of  the  application  of  phenol  in  the  shape 
of  tar,  or  impure  carbolic  acid,  or  creosote,  will  be  described 
under  the  chapter  referring  to  the  latter  body  In  this  place  I 
intend  to  refer  to  the  results  of  experiments  made  with  the  pure 
phenol. 

Kohn  C'Arch.  Dermat.  &  Syph/'  1, 224)  and  Alme'n  ("Zeitschr. 
Analyt  Chem."  10,  Helt.  1)  stated  that  when  phenol  waa 
taken  into  the  stomach  in  cautious  doses  it  reappeared  in 
tlie  urine.  The  fonn  was  implied  to  be  the  free  uncom- 
bined  state;  but  E.  Salkowsky  (Ptluger's  *'Arcthiv."  5,  '655) 
showed  that  it  was  combined  in  some  manner.  Iloppe-Seyler 
(ihid.  470)  showed  that  phenol  applied  to  the  skin  was  easily 
absorbed,  and  could  be  reobtained  from  diflferent  organs,  and 
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from  the  urine  by  distillation  with  sulphurin  acid,  and  confirmed 
in  this  respect  the  earlier  experience  concerning  the  endermatiG 
application  of  tar.  He  applit^d  phenol  to  the  ahtlonien,  or  the 
thigiis,  or  ears  of  dogs,  and  found  that  poisonous  eflects  were 
prcKJuced  in  a  few  niinutes^  When  the  symptoms  were  at  their 
height,  the  animals  were  bled  to  death,  and  their  parts  cau- 
tiously separated  and  exaiuiiied.  The  blood  w^as  mixed  with 
dilute  sulphuric  acid,  and  one-tifth  of  tlie^  bulk  of  the  mixture 
abstracted  by  distillation.  The  distillate  was  rectified  over  dry 
sodic  carbonate,  and  then  treated  with  bmrniue  water  as  above 
described.  The  amount  of  phenol  thus  obtained  in  one  case  was 
0*00128  per  cent  of  the  blood  ;  in  another,  OUtKjOO  per  cent 
The  brain  in  the  tii^t  ca^e  yielded  0'0(*3:^5  per  cent,  in  the 
second,  000340  per  cent  phenol  In  the  second  case,  liver  and 
kidneys  wei-e  also  examined,  and  the  distillates  from  them  gave 
— liver,  0*01)125  per  cent  of  weight  of  liver;  kidneys,  000423 
per  cent  of  their  weight  in  phenoh  From  the  first  case  it  is 
evident  that  the  brain  contained  about  three  times  as  much 
phenol  as  an  equal  weight  of  blood,  and  thea^fore,  that  nerve- 
matter  exerts  a  selective  attraction  upon  phenoL  The  second 
case  shows  the  same,  though  in  a  less  degree  as  regards  the 
brain  ;  the  liver  contained  only  one-third  of  the  quantity  found 
in  an  equal  weight  of  blood,  and  therefore  seems  to  exert,  if 
any.  only  a  small  amount  of  selective  Mtraction.  But  the  kid- 
neys seem  to  exert  the  largest  amount  of  selective  attraction,  cou- 
tiiining  about  a  quarter  more  phenol  than  an  equal  weight  of 
either  blood  or  brain,  Tliis  selective  attraction  of  the  kidneys 
is  the  main  cause  of  the  relatively  quick  elimination  of  the 
phenol ;  for  when  phenol  is  given  to  patients  in  doses  of  from 
0'3  to  0'9  grm.  per  day,  or  applied  to  their  skin  in  quantities 
double  or  treble  the  quantities  given  internally^  it  quickly 
apf^eai-s  in  the  urine  in  such  a  manner  that  it  can  be  obtarued 
from  it  by  distillation  with  a  mineral  acid.  When  the  use  of 
the  phenol  is  suspended  it  disappears  fmm  the  urine  in  from 
one  to  three  days,  the  normal  traces  only  being  afterwards 
obtainable.  The  introduction  of  phenol  into  the  body  causes  the 
urine  to  be  coloured  afterwards  from  olive-green  to  dark  brown, 
in  a  proportion  of,  but  not  in  idl  cases.  The  brown  colour 
appears  more  frequently  after  endermatic  application  than  after 
internal  use.  Its  specific  cause  is  not  yet  explained.  Accord- 
ing to  Baumann  (1.  c.  p.  293),  phenol  introduced  into  the 
animal  body  is  there  united  with  sulphuric  acid,  and  appears  in 
the  urine  in  the  same  combination  as  that  naturally  formed  in 
it.  This  may  be  recognised  by  the  increase  of  that  quantity  of 
sulphuric  acid  in  the  urine,  which  cannot  be  precipitated  by 
baryta  salts  without  previous  decomposition  by  boiling  with 
mineral  acid*     Thus  a  person  who  had  been  treated  with  phenol 
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discharged  stilphuric  acid  directly  precipitable,  0*148  gnu.  \n 
100  CO. ;  sulphuric  acid  coDtaiiied  in  compounds,  which  had  to 
be  decomposed  by  boiling  with  hydrochloric  acid  (supposed  to 
be  phenol-sulphate  of  potassium),  0095  grra.  Another  excreted 
0*046  gnu.  HgSO^  precipitable,  and  022 5  grin.  combiueA  He 
even  says  that  the  combined  sulphuric  acid  could  rise  to  from 
ten  to  fifteen  times  the  amount  of  the  precipitable  sulphuric 
acid  present  in  the  form  of  inorganic  salts.  He  endeavoured  to 
prove  this  hypothesis  by  an  experiment  upon  a  dog,  and  an  ob- 
servation upon  a  patient.  A  dog  voided  urine  which  contained  in 
100  c.c,  0*262  grm.  of  precipitable,  and  O.OOG  grm,  of  organically 
combined  H-jSO^.  His  back  was  then  painted  with  phenol,  and 
eighteen  hours  afterwai"ds  he  voided  urine,  in  which  the  propor- 
tions were  reversed,  the  precipitable  H^SO^  being  fM004grm.,and 
the  organically  combined  being  0*190  grra,  in  100  ex.  In  con- 
sequence of  the  introduction  of  phenol,  the  normal  H^O^  falls 
from  262  to  4,  the  organically  combined  rises  from  6  to  190. 

Tlie  urine  of  patients  wlio  had  been  treated  emdermatically 
with  phenol  was  evaporated  to  a  syrup,  extracted  with  alcohol 
of  90  per  cent.,  treated  with  an  alcoholic  solution  of  oxalic  acid 
as  long  as  this  produced  a  precipitate,  and  then  shaken  with  an 
equal  volume  of  ether.  The  mixture  was  then  filtered,  neutral- 
ised with  potassic  carbonate,  and  evaporated  to  a  small  biJk. 
Again  tiiken  up  with  alcohol,  some  oxalate  and  carbonate  of 
potassium  were  separated.  Again  evaporated  to  a  syrup^  the 
solution  on  standing  for  some  days  in  the  cold  deposited  small 
scaly  crystals,  wliich  were  piirilied  in  the  same  manner,  and 
then  assumed  the  appearances  of  the  crystals  obtained  from 
normal  horses'  urine.  Some  crystals  could  yet  be  obtained  from 
the  first  mother-liquor  by  treating  it  with  basic  lead  acetate, 
filtering,  removing  lead  from  the  solution  by  hydrothion,  and 
evaporating  it  again  to  a  sjTup.  To  isolate  the  crj^stals  formed 
in  this  it  may  be  shaken  with  ether  and  allowed  to  stand.  The 
crystals  become  siispendcd  in  the  ether,  and  can  be  filtered  off, 
and  obtained  pure  by  recrystallisation.  The  crystals  obtained 
from  the  urine  of  these  patients  were  phenol-sulphuric  acid,  and 
gave  on  analysis  mean  46'25  per  cent.  HjjSO^,  and  18"5  Ka, 
while  CpHgKSO^  requires  46*2  per  cent.  HjSO^  and  184  per 
cent.  Ka.  The  colour  which  this  salt  gives  with  lerric  chloride 
is  more  of  a  red-violet,  while  the  salt  from  horses'  urine  be- 
comes blue- violet* 

The  urine  which  men  or  dogs  discharge,  after  having  been 
treated  with  phenol,  also  yields  a  small  quantity  of  a  blue  pig- 
ment 100  c.c.  of  the  urine  are  acidified  with  acetic  acid,  and 
filtered  through  a  small  filter.  The  brownish-yellow  precipitate 
is  washed  with  water,  and  then  treated  with  warm  dilute  hydro- 
chloric acid.    A  akye-blue  solution  is  formedj  and  soaks  and 
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passes  through  the  filter,  and  retains  its  colour  for  many  weeks. 
From  Baumann's  experiments  it  appears  that  the  principal  con- 
dition of  the  formation  of  phenol-sulphurio  acid  in  the  animal 
body  is  the  simultaneous  presence  of  sulphates  of  the  alkalies 
and  of  phenol.  Phenol-sulphuric  acid  is,  however,  not  the  only 
form  in  which  phenol  appears  in  the  blood  and  the  urine  ;  there 
is  another  compound  present  in  both,  which  may  yield  more 
phenol  than  corresponds  to  that  combined  with  sulphuric  acid. 
This  compound  has  not  been  isolated. 

Phenol-sulphate  of  potassium  exerts  no  poisonous  action  in 
the  body.  Consequently,  in  cases  of  poisoning  by  phenol,  potassic 
or  sodic  sulphate  should  be  given,  together  with  albumen,  milk, 
or  other  direct  momentary  antidotes,  in  order  to  assist  the 
organism  in  the  neutralisation  of  the  absorbed  portion  of  the 
phenol. 


CHAPTER    XIV, 

CRESOL'PRODITCING  SUBSTANCES. 


INTRODUCTION. 

Like  phenol,  cresol  or  cresylic  alcohol^  or  taiir}4ic  acid,  CyHgO, 
is  not  a  normal  ingredient  of  the  urine  of  either  man  or  animals, 
but  is  educed  by  some  of  the  processes  which  educe  phenol. 
The  body  from  which  it  is  educed  has  not  yet  been  isolated. 

ffistory  and  Literature  of  Cresal,  C^HgO. 

Cresol  was  discovered  in  the  tar  obtained  during  the  dry 
distillation  of  beech-wood  by  Reichenhach  in  1832  ("Schweig- 
ger's  Joura."  66,  301  and  345  j  67,  1  and  57;  68,  352).  For 
many  years  it  was  confounded  with  phenol,  until  Gonip- 
Besanez  ("Ann.  Chem/'  78  (1851),  231;  86  (1853).  223)  and 
Voelckel  C'  Ann.  Chem/'  86  (1853),  93;  87  (1853).  306)  showed 
its  peculiarities.  But  nevertheless  the  elementary  composition 
of  cresol  was  not  determined  until  Williamson  and  Fairlie 
("  Chem.  Soc.  Quart.  Journ."  7,  232),  extracted  from  coal-tar 
creosote  a  homologue  of  phenol,  of  the  composition  C^HgO^ 
which  presented  all  the  characters  of  Reichenbacbs  ci*eo- 
aote  from  beech  wood-tar.  They  termed  it  hydrate  of  creByl, 
and  observed  that  during  its  distilhition  from  vessels  to  which 
the  air  had  access,  it  was  partially  oxydised,  the  boiling-point 
falling,  a  small  quantity  of  black  matter  forming,  and  phenol 
being  evolved.  SUideler  ("Aim.  Chem."  77  (1851),  17)  ob- 
tained a  body  from  the  urine  of  man  and  animals  by  the  same 
pmcess  which  yielded  him  phenol,  termed  it  taurylic  acid,  and 
determined  its  composition  %  the  analysis  of  its  copula  with 
sulphuric  acid.  Kolbe  and  Lautemann  ("Ann.  Chem."  115 
(18G0),  203),  by  treating  cresol  with  potassium  in  a  current  of 
dry  carbonic  acid,  compounded  a  new  acid,  cresotinic,  CgH^O^, 
which  stands  to  cresol  in  the  same  relation  as  salicylic  acid  to 
phenol,  being  produced  by  the  direct  combination  of  a  molecule 
of  carbonic  acid  with  one  of  cresol,  as  salicylic  acid  is  produced 
by  the  direct  combination  of  carbonic  acid  with  phenol 
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Mode  of  Ohtaining  it  Pure. 

(a.)  From  raw  creosote  from  wood-tar.  The  raw  creosote, 
wUch  ia  mostly  produced  in   Bohemia,  and   of  which  Urge 

quantities  are  brought  into  trade  by  Batke  of  Prague,  is  sub- 
jected to  fractional  distillation.  It  begins  to  boil  feebly  at  90'', 
and  a  milky  fluid  contuiuing  water  and  a  light  stinking  oil 
passes  over.  While  the  boiling  continues  the  thermometer 
gradually  rises  to  160^  and  the  boiling  now  ceases  for  some 
time.  The  distillate  which  has  passed  between  1 20°  and  160* 
18  clear,  and  has  a  smell  which  differs  from  that  of  the  raw 
creosote.  At  190''  the  ehullition  becomes  again  stronger,  and  a 
fluid  rapidly  distils  over  in  oily  atreaks»  while  the  thermometer 
remains  stationary  at  203*5°  for  some  time.  The  temperature 
of  the  vapour  then  rises  to  208^  and  during  the  distillation  of 
the  last  portion  to  216^ 

The  matter  which  distils  between  203°  and  208^  and  whicli 
amounts  to  the  greater  part  of  the  whole,  is  collected  in  a  sepa- 
rate vessel,  rectified,  digested  for  some  days  over  chloride  of 
calcium  in  a  closed  vessel,  and  again  distilled, 

(b.)  From  the  raw  carbolic  or  phenylic  acid,  commonly  termed 
creosote,  obtained  from  coal-tar.  The  portions  of  this  matter 
which  distil  between  200*"  and  224°  are  collected  separately, 
and  repeatedly  rectified,  until  a  produce  is  obtained  which  boils 
at  203",  This  must  lie  repeatedly  rectified  in  an  atmosphere  of 
hydrogen,  as  without  that  precaution  a  part  of  the  matter  is 
decomposed  and  a  black  matter  separated.  What  passes  below 
200°  is  removed,  and  only  tlie  product  passing  at  200**  is 
retained,  which  con-esponds  to  the  product  piassing  at  203°, 
when  distillation  is  performed  without  the  precaution  of  an 
hydrogen  atmosphere.  A  similar  depression  of  the  boiling-point 
by  3"  during  distillation  in  an  atmosphere  of  hytliogen  is 
observed  with  phenol. 

(r.v)  The  nicKir  of  obtaining  from  the  urine  of  m^n  mid  animais 
is  the  same  as  that  of  phenol,  with  which  it  is  mixed.  A  black 
matter  is  deposited  on  first  distillation  resembling  tliat  deposited 
by  creosote  distilling  in  air.  From  phenol  taurylic  acid  can  be 
separated  by  combining  both  with  fuming  sulphuric  acid,  in 
which  taurylic  acid  crystallises  while  the  phenylic  compound 
remains  fluid. 

Phi/simland  Chemical  P roper tu^"^. 

The  pure  cresol  is  an  oily,  colourless  fluid,  which  becomes  a 
little  dark  by  keeping;  it  strongly  refracts  light,  has  a  peculiar 
smoky  odour  wliich  differs  greatly  from  that  of  phenol,  and  a 
biting  burning  taste.  It  is  little  soluble  in  water,  but  can  be 
mixed  with  ether,  alcohol,  and  sulphide  of  carbon  in  all  propor- 
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tioiis.  In  common  acetic  acid  it  is  somewhat  aolable,  if  con- 
centrated in  all  proportlotis.  Its  sp.  gr.  at  ll'S"*  is  1-04;  it 
boils  at  203**  in  air,  at  200**  in  an  atmosphere  of  hydiogen,  with- 
out decomposing.  It  does  not  solidify  even  at  any  low  tem- 
perature.  Ignited  it  burns  with  a  dense  lighting  flama  It  ia 
as  insoluble  in  liquor  ammoniee  aa  phenol 

The  changes  which  cresol  nndeigoea  in  contact  with  oxydising 
agents  are  very  similar  to  those  which  are  produced  with  phenoL 
The  producta  of  this  oxydation  are  little  understood,  but  their 
investigation  ia  of  importance  for  the  chemistr)^  of  the  urine,  as 
we  meet  with  them  so  frequently  during  our  chemical  operations 
upon  this  fluid. 

Beadimis  of  Creosote, 

The  specimen,  officinal,  had  a  yellomsh  colour.  It  was  shaken 
with  water,  and  the  solution  filtered  from  the  milky  mixture. 
This  is  termed  saturated  at^,  solution. 

Chloride  of  imn  gives  a  blue  precipitate,  which  in  an  instant 
transforms  into  dark  brown.  Boiling  makes  the  uiLxture  darker, 
and  on  the  top  a  liquid  resin  collects.  This  dissolves  in  more 
water  on  boiling.  On  cooling  the  precipitate  fonus  again.  The 
diluted  solution,  hot,  gives  only  a  violet  colour  on  addition  of 
ferric  chloride,  which  before  the  fluids  are  fairly  mixed  becomes 
dark  brown.  On  cooling  the  fluid  becomes  smoky,  and  a  pre- 
cipitate falls. 

Nitrate  of  silver  proiluces  a  very  slight  opalescence,  but  no 
precipitate  in  the  solution  of  creosote.  On  heating  the  fluid  be- 
comes at  first  smoky,  then  a  sliglit  dark  precipitate  ensues,  which 
coalesces  to  dark  flakes,  until  at  last  the  entire  fluid  is  quite 
black  and  opaque,  even  the  flocks  disappearing  from  sight. 
Some  silver  is  deposited  upon  the  glass  of  the  tube,  little  quite 
at  first,  more  at  a  later  stage.  Agitation  and  more  boiling  cause 
the  precipitate  to  collect  in  flakes ;  the  fluid  remains  reddish. 
It  now  bumps  violently  on  heating,  even  after  adtlition  of  water, 
and  fluid  is  thrown  out  everj^  time  it  ia  attempted  to  heat  it. 
I'he  addition  of  water  has  the  advantage  of  collecting  and  stiflen- 
ing  the  black  precipitate.  On  standing  the  glass  becomes  covered 
with  a  metallic  mirror,  and  the  precipitate  appears  like  a  silver 
tree.  Mercmy  subnitrate  added  drop  by  drop  causes  a  white  tur- 
bidity, which  disappears  on  shaking  and  the  addition  of  a  few 
drops  more,  and  does  not  reappear  on  further  addition  of  re- 
agent. Boiling  produces  a  red  fluid  and  a  deposit  of  metallic 
looking  matter  upon  the  glass.  When  more  mercurial  solution 
is  ailded  no  reaction  is  apparently  produced.  On  heating  the 
solution  becomes  pink.  On  longer  boiling  a  metallic  pellicle 
and  a  little  of  a  black  precipitate  at  the  bottom  of  the  fluid  are 
formed* 
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Mercury  nitrate  produces  no  immediate  reaction  in  the  cold. 
But  on  gentle  warming  the  fluid  assumes  a  beautiful  red  colour 
from  above  downwards,  which  becomes  very  intense.  On  boil- 
ing a  red  precipitate  forms,  which  *j[uickly  becomes  dark  and 
metallic  looking.  The  fluid  becomes  turbid  on  cooling.  On 
dilution  much  matter  is  yet  deposited  in  red  flakes.  The  bulk 
of  the  deposit  remains  red. 

Corrosive  sublimate  produces  no  change  even  on  boiling. 

Acetate  of  mercury  produces  no  reaction.  A  solution  of  chlo- 
ride of  sodium  added  to  the  mixture  produces  a  white  turbidity. 
Nitrate  of  baryum  added  and  boiled  produces  a  copious  flaky 
flesh-coloured  precipitate,  similar  to  that  which  acetate  of  mer- 
cury produces  in  urine  treated  with  nitrate  of  baryum*  Fluid 
and  precipitate  soon  become  dark.  The  addition  of  much  water 
prevents  continuance  of  reduction. 

On  boihng  red  oxyde  of  mercury  (obtained  by  heating  the 
subnitrate)  in  the  watery  solution  of  creosote  it  becomes  flaky, 
and  it  seems  as  if  the  substances  simply  combined.  The  super- 
natant water  is  colourless.  The  precipitate  after  washing  is 
brownish-red. 

Pure  creosote  heated  with  red  oxyde  on  sand-bath  until  vapours 
of  creosote  begin  to  ascend  forms  a  beautifully  red  fluid  and  a 
reddish-grey  deposit  The  fluid  is  soluble  in  alcohol  The  grey 
deposit  rubbed  upon  bright  copper  amalgamates  it. 

Neutral  acetate  of  lead  produces  inmiediately  a  very  slight 
white  precipitate,  soluble  in  excess^  soluble  on  heating,  reappear- 
ing on  cooling.  In  a  dilute  watery  solution  of  creosote  acetate 
of  lead  produces  no  turbidity. 

Tribasic  acetate  of  lead  in  quantity  causes  a  milky  turbidity, 
or  rather  strong  white  opalescence.  The  fluid  remains  trans- 
lucent, and  even  after  boUing  no  molecular  precipitate  is  visible, 
hut  after  twelve  hours'  standing  a  white  deposit  is  found  at  the 
bottom  of  the  tul>e. 

Boiling  with  peroxyde  of  lead  produces  flakes  on  the  surface, 
and  the  fluid  becomes  yellow. 

Chromic  acid  colours  the  watery  fluid  blackish-red,  and  makes 
it  impervious  to  light.  Heating  produces  reaction,  apparently 
evolution  of  gas.  Immediately  after  the  product  becomes  solid, 
so  that  the  test-tube  can  be  turned  upsitle  down,  without  any- 
thing flowing  out  of  it.  The  addition  of  water  shows  the  pro- 
duct to  be  an  immensely  bulky  precipitate,  quite  out  of  proportion 
to  the  small  quantities  of  reagents  employed. 

One  drop  of  the  saturated  solution  of  creosote  boiled  in  solu- 
tion of  chromic  acid,  so  dUute  as  just  to  sliow  a  yellow  colour, 
becomes  yet  dark  red.  Both  reagents  added  in  small  quantities 
at  intervals  produce  a  solution  becoming  darker  every  moment, 
and  on  cooling  producing  a  deposit  of  a  dirty  brown  colour. 
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Foming  nitric  «cid,  nuced  with  creoooie  drop  by  diop  in  a 
jfmd  which  from  tlie  owtsBide  is  kept  cool  by  ice,  produces  at 
first  ft  dark  red  colontioii,  ftud-wben  no  equal  volnme  of  the 
ftcid  baa  been  added,  tlie  mixture  aepftimteB  in  two  layers,  an 
upper  one  of  a  deep  red  colour,  and  a  lower  black  and  tar-like 
one.  Tie  up|>er  layer,  after  remoTul,  neutralised  with  potash, 
transforms  into  a  cnstalline  maas^  eanly  soluble  in  hot,  little 
soluble  in  cold  water,  which  seems  to  bare  the  composition 
C7H^K(NOj)jO,  and  therefore  to  be  trinitrociesylate  of 
potaaaiam. 

Chlorine  or  chlorate  of  potassium  and  bydrochlorie  acid  affeel 
creosQle  ou  prolonged  digestion,  and  ultimately  a  phtstic  resin  is 
pioduoed.  When  chlorate  of  potassium  is  employed  for  the 
transformation  it  is  necessary  to  empby  gr^t  caution  as  soon  as 
the  product  gets  thick. 

Concentrated  sulphuric  acid  dissolves  creosote  with  eroliuiou 
of  caloric,  forming  a  purple- violet  solution.     '"'*  *  -  b 

water,  and  neutralised  with  carbonate  of  baryui 
baiyum-salt,    which,  after    evaporation, 
granular  matter.     Its  probable  conipositi 
Taurj'lic  acid  from  urine,  when  mixed  ^ 
on  standing  solidiiies  to  a  mass  of  dendr 
It  is  very  hygroscopic,  and  deliquesces 
a  watery  solution  of  caustic  potash  c^ 
out  change.     Its  acid  properties 
those  of  phenol. 
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BlacJc  Urine  afUr  Creo^oU  m^  Tsr  Trmim^Mi. 

See  the  cases  by  M'Leod,  "  Madkal  GmaMm; 
p.  599.  Elliutsoa,  "  Med,  Chit.  tnmmtL*  mL 
M.  Hugbe^,  "GufB  HuspilAl  Jtept."  3d  mm 
where  al^  several  iAmerrmam  dt  Utmmmm  M 
Fetters  C'Prager  V.  J.  Scbrtfi''  1855,  3,  1»)  1 
following  experience : — 
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posited  a  large  sediojeut  of  coloured  uric  acid^  and  mmttti  Afr 
diaracteristic  odour  of  tar.  These  peculiarities  lbs  Bnnt  liiMWl 
^during  the  entire  course  of  the  tar  treatment 

When  the  brownish*black  urine  was  left  to  npfmtiiMimii  d^ 
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lasduiiied  a  dark  green  colour,  on  tlie  appearance  of  allraliiCiiaci^ 

'and  then  went  through  all  tlie  stages  of  ordinary  decompCMitioOL 

The  urine  deposited  uric  acid  so  completely  that  hydrochluric 

acid  did  not  jiroduce  any  further  precipitate.    After  the  addition 

I'to  the  urine  of  some  sulphuric  acid  it  was  subjected  to  distilU* 

Ition,  whereby  an  acid  distillate  was  obtained,  which  emitted  a 

strong  odour  of  tar,  was  milky,  but  cleared  up  gndnaUj,  mud  de* 

posited  dark-brown  drops,  which  were  like  creosote.    A  chiii  nf 
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the  clear  watery  fluid,  gradualiy  assumed  a  bluish^grecn  Mfa^Tf 
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alcoholic  extract,  which  on  evaporation  gave  a   black,  tough,j 
tar-like  deposit      This,  after  crystallisation  of  the  salts  aiidj 
resolution  in  alcohol,  deposited  a  substance  on  the  admixture  of 
water,  which  had  the  odour  of  tar,  was  resinous,  and  underwent 
no  further  changes. 

After  repeated  rectification  of  the  original  distillate,  a  pale, 
yellowish  oily  liquid  of  the  odour  of  creosote  was  obtained, 
which,  on  the  addition  of  caustic  potash,  transformed  into  a 
magma  of  white  ciystals,  which  had  the  smell  of  mint.  This 
potash  salt  dissolved  in  water,  had  a  very  agreeable  odour,  and 
therefore  must  have  contained  euinonc^  besides  cai^ttdic  amd.  It 
yielded  a  pale,  yellowish  distillate,  which,  after  removal  of  the 
water  by  means  of  chloride  of  calcium,  became  clear  and  colonr- 
les8>  of  an  oily  consistence,  and  scarcely  emitted  any  odour.  It 
burned  with  a  sooty  llame,  liad  a  corrosive  taste,  blistered  the 
skin,  began  to  bubble  at  a  temperature  of  203"*,  boiled  between 
215"  and  220'',  and,  with  the  exception  of  the  first  part  of  the 
distillate,  remained  fluid  even  at  a  temperature  of  25°.  The 
elementary  analysis  of  this  fluid  yielded  the  following  results :^ — 

Plienol  CresoL 

C  =  68-55  6  C  ^76  GO  7  C  =7777 

H  -    6'4l  6  H  -   G38  8  H  ==  7  40 

O  ^  25  04  O  --V7-  2  0  =14fi3 


100-00 


100-00 


10000 


From  these  figures  follows  what  the  high  boiling-point  also  indi- 
cates, that   the   substance  burned  was  a  mixture  of  matters^i 
requiring  further  investigation. 

When  the  urine  was  neutralised  with  lime  it  yielded  an 
aniraoiiiacal  distillate,  wliich,  after  removal  of  the  ammonia  by 
neutralisation  with  sulphuric  acid,  left  a  residue  from  which 
alcohol  extracted  a  substance  having  the  smell  of  tar,  and  deposit- 
ing in  brown  flakes  on  evaporation  of  the  alcohol.  The  nature 
of  this  substance  could  not  be  ascertained  any  closer,  as  its 
quantity  was  too  small  A  similar  substance  could  be  extracted 
from  the  fresh  urine  by  means  of  alcohol.  When  shaken  with 
ether,  the  latter  extracted  from  the  urine  a  purple  matter,  which, 
after  evaporation,  became  dark  red,  and  was  fusible. 


CHAPTER  XV. 
rnUOMOGEN  OF  UROBILINE. 


INTRODUCTION, 

The  substance  here  to  be  described  waa  first  noticed  by  JaflR$ 
("Arch.  Pathol  Anat/'  47,  405)  io  the  concentrated  urine  of 
fever  patients,  in  the  spectrum  of  wliich  an  absorption  band  at 
the  junction  of  green  and  blue  was  visible.  It  was  next  found 
that  the  substance  could  be  prepared  from  every  urine,  healthy 
or  sick,  by  processes  to  be  described.  Now,  as  healthy  urine 
contains  no  substance  which  gi%'es  rise  to  any  specific  absorption 
in  the  spectrora,  it  was  necessary  to  assume  that  the  substance 
giving  the  spectrum  is  a  product  derived  from  a  chromogen  by 
the  influence  of  acid  and  perhaps  oxygen.  The  chromogen  has 
never  been  isolated  or  analysed,  and  nothing  can  as  yet  be  said 
about  its  nature, 

UROBILINS 

Tills  body  is  therefore  a  product  and  not  an  educt,  and  is  not 
found  in  urine  of  fever  patients  immediately  after  emission,  but 
only  after  some  standing.  It  is  diagnosed  by  the  spectrosco[>e 
only,  and  has  never  been  isolated.  The  name  is  derived  from 
the  assimiption  that  a  body  extracted  from  bile  by  hydrochloric 
acid  and  chloroform,  and  which  has  a  band  in  the  green  of  its 
spectrum,  is  the  same  as  that  wliich  gives  rise  to  the  spectral 
phenomenon  in  urine.  Vaulair  and  Masius  (**  Centralbl.  f.  d. 
Med.  W."  1871,  Nr.  24)  declare  the  colouring  matter  of  human 
fa?ces  to  be  identical  (as  far  as  the  spectrum  is  concerned,  which 
was  only  examined  in  impure  solutions)  with  this  iirobiline,  and 
Jaffe'  C*Centralbl."  1871,  Nr.  30j  has  assented  tx3  this  statement 
It  has  also  been  stated  by  Maly  that  this  urobiline,  as  obtained 
from  urine,  is  identical  with  his  hydrobilirubin,  but  this  opinion 
I  have  proved  to  be  incorrect 

Mode  of  Obiainuig  Urobiline. 

According  to  Jaff^,  the  process  which  be  has  indicated  pro- 
duces from  the  urine  of  febrile  persons  pure  urobiline,  but  when 
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applied  to  tbe  urioe   of  healthy  persons  it  yields  not  only 
urobiline,  but  another  body  besides. 

In  order  to  obtain,  if  possible,  the  unmixed  uxobilioe,  I  em- 
ployed tbe  urine  from  a  case  of  rheumatic  fever,  which  had 
yielded  urerythrine.  It  was  mixed  with  an  excess  of  ammonia, 
filtered,  and  to  the  filtrate  a  concentrated  solution  of  zinc 
chloride  was  added  as  long  as  a  precipitate  ensued.  The 
voluminous  reddish  zinc  precipitate  was  washed  with  cold  and 
hot  water  until  the  washing  water  was  free  from  chlorine,  then 
boiled  with  alcohoL  and  dried.  The  dried  and  powdered  mass 
was  dissolved  in  concentrated  bquor  ammoniae,  and  as  it  could 
hardly  be  filtered  from  insoluble  impurity,  was  decanted,  and 
the  dark  brown  solution  precipitated  with  lead  acetate.  The 
coloured  lead  precipitate  was  washed  with  cold  water,  dried,  and 
decomposed  with  alcohol  containing  sulphuric  acid.  Thus  an 
acid  solution  of  pigment  was  obtained,  which  was  brown  in  the 
eoncentntted  state,  and  on  dilution  assumed  various  lighter  reddish 
tinta.  Before  the  spectroscope  the  solution  showed  an  abeorp- 
tioQ  band  at  the  conlluence  of  blue  and  green,  and  two  very  faint 
bftodB,  one  in  green,  corresponding  with  the  band  of  nrerythrin 
0,  and  one  in  orange  near  D,  corresponding  with  the  band  of 
omicholin.  The  latter  was  only  \4sible  with  the  artifice  of 
moving  the  telescope  to  and  fra  The  narrow  band  in  green 
pointed  towards  urerythrine,  changed,  however,  by  the  presence 
of  free  acid.  Thereupon  I  treated  the  urine  from  which  JafiK's 
l^recipitate  by  zinc  had  been  removed,  and  which  had  lost  only  a 
portion  of  its  yellow  colour,  with  lead  acetate  as  usual,  until  it 
was  colourless,  and  treated  the  precipitate  with  sulphuric  acid 
and  alcohol ;  the  amber-yellow  solution  showed  the  absorption 
band  at  the  confiuence  between  blue  and  green,  just  like  the  solu- 
tion obtained  by  the  zinc  process,  or  any  solution  obtained  by  the 
lead  process,  but  it  did  not  show  the  faint  narrow  Imnds  in  green 
and  orange.  From  these  data  I  conclude  that  Jaffe's  body  from 
fever  urioe  also  is  a  mixture  of  several  substances.  It  has  no 
similarity  that  I  could  detect  to  Maly*s  hydrobilii'ubin,  and  on 
boiling  with  acids  yields  the  products  of  the  decomposition  of 
urochrome,  of  which  it  also  exhibits  the  aspect  and  odour.  In 
its  concentrated  state  it  is  black  with  impurity,  and  ill  requites 
the  great  labour  required  in  its  preparation. 

The  two  narrow  bands  in  the  spectrum  were  first  observed  by 
me  in  the  present  research,  and  have,  so  far  as  I  am  aware,  not 
been  described  by  Jafle;  certainly  not  mentioned  by  Maly, 
They  do  not  occur  in  the  hydrobilirubin  spectrum. 

Emff  (Prtiiger's   '*  Archiv/*    12  (1876),  50)  has  made   some 
experiments  for  the  purpose  of  isolating  urobilins  but  with  no 
success ;  a  short  note  of  his  processes  may,  however,  be  of 
s  to  those  who  may  like  to  follow  the  subject  further. 
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The  fresh  urine  was  precipitated  with  neutral  and  basic  lead 
acetate.  The  filtered  and  somewhat  washed  precipitate  was 
decomposed  with  alcohol  and  sulphuric  acid ;  the  dark-coloured 
lilcohol  solution  was  mixed  with  water  and  chloroform,  shaken, 
and  the  chloroform  solution  was  separated  by  the  separating 
funnel  The  chloroform  extraction  was  renewed  as  long  as  the 
solvent  extracted  an)iihing.  The  chloroform  solutions  were 
filtered,  and  shaken  with  a  large  amount  of  acidulated  water. 
The  water  now  took  up  a  quantity  of  urobiline,  while  fatty  acids, 
fats,  &c.,  and  the  greater  part  of  the  urobiline  remained  in  the 
chloroform  and  could  not  be  purified. 

From  the  watery  solution  acidulated  with  sulphuric  acid  the 
urobiline  was  again  precipitated  with  basic  lead  acetate;  the 
precipitate  was  again  decomposed  by  sulphuric  acid  and 
alcohol,  the  mixture  extracted  with  chloroform  in  the  presence 
of  water,  and  the  chloroform  solution  after  separation  was 
allowed  to  evaporate.  The  i^esidue  was  red-brown,  gave  a  larger 
part  of  a  red  matter  to  ether,  and  left  a  smaller  part  of  an 
amorphous  brown  body,  which  in  acid  alcoholic  solution  showed 
the  spectrum  of  urobiline. 

The  solutions  of  urobiline  show  the  absorption  band  overljdng 
F  only  in  acid  solutions.  When  the  solution  is  neutralised  the 
band  disappears,  but  when  it  is  made  alkaline  another  band 
appears  similar  in  width  and  intensity  to  the  acid  band,  but 
moved  more  towards  the  red  end  of  the  spectrum. 
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Tus  iioooonl  vhich  Schariing  {''  Ami.  Cbem."  toL  xlii  p. 
baft  ^TOii  of  a  body  which  be  extzacled  from  nriiie^  and  tennc 
"ODudiniytoxyde/*  is  the  fbDoving:^ — ^To  goBid  against  thi 
diaig^  which  he  auraooed  tinn«  to  imdeiipi  donng  evapoialic 
Rchariing  oopeoaliatga  itrtne  by  f reezmg.  Tbo  particles  of  k 
warn  laoBOvad  aa  long  as  they  wete  eoloiirieBs.  When  they 
mmm  oolomad  yeUow,  the  coocentntioQ  was  discontinued 
Aitiflfiial  freesiBg  iSehariing  found  unsenriceable,  aa  be  oould 
iK^t  ftiiooaed  in  making  Ihe  urine  freeze  from  above  downvtaida^d 
whi<.'h  ae^na  necosaaiy  for  allowing  the  solution  of  iDcreasedl 
apeoific  gravity  to  aink.  Urine  so  concentrated  was  mixed  with 
an  equal  volume  of  elher,  and  allowed  to  stand  for  twenty-four 
hours  or  siore^  being  shaken  at  frequent  intervals.  The  ether 
diaeolved  a  part  of  the  oxyde  of  omichmyl,  a  little  urea,  aud 
oevera]  other  matters,  which  were  not  determined.  The  extrac- 
tion with  ether  was  repeated  several  times,  the  ether  was  dia*J 
tilled  offf  and  the  residue  was  washed  with  cold,  afterwards 
with  hot,  water  By  this  treatment  the  urea  and  the  other  mat- 
ters soluble  in  water  were  removed,  while  oxyde  of  omichmyl 
was  left.  For  its  purification  Scharling  proceeded  as  fol- 
lows : — To  decompose  ammoniacal  salts,  which  be  aHegas 
to  have  adhered  to  it,  it  was  dissolved  in  caustic  potash, ' 
the  solution  heated  to  ebullition,  and  afterwards  precipitated 
with  dilute  sulphuric  acid.  The  oxyde  was  thereby  precipitated 
in  brown  flocka  They  were  collected  on  a  filter,  dried,  and  dis- 
solved in  ether ;  the  solution  was  filtered,  and,  after  addition  of 
a  little  water,  was  evaporated,  when  the  pure  oxyde  of  omicli- 
myl  remained. 

Chemical  Characters, 

It  fuses  in   boiling  water,  forming  a   brownish-yellow  oil, 

which,  on  cooling,  solidifies  to  a  resin.     It  is  soluble  in  ether, 

'  '    of  wine,  ammonia- water,  dilute  caustic  and  carbonated 

id  soda.    The  solution  in  spirit  has  an  acid  reaction. 
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In  its  dry  state  it  has  a  strong  odour  of  ciistomnm ;  "bnt  on  boil- 
ing  with  water,  a  faint  urinous  odour  is  perceived.  When  the 
ethereal  golution  is  mixed  with  a  very  sioall  quantity  of  spirit 
of  ttjrppntine,  the  mixture,  after  evaporation  of  the  ether,  as- 
sumes a  sweetish  aromatic  odour,  resemhiing  the  smell  of  urine 
after  taking  spi  rit  of  turpeotine  or  juniper-oil  internally.  Heated 
strongly,  after  moistening  with  water,  until  decomposition  en- 
sues, it  gives  out  a  strong,  penetrating  odour  of  old  urine. 
Heated  more  strongly,  it  takes  fire,  and  burns  with  a  white, 
strongly-lighting  flame.  Red-heat  leaves  only  a  faint  trace  of 
ash.  Boiled  with  aqua  regia,  the  oxyde  leaves  a  yellow  semi- 
fluid resin.  This  boiling,  performed  in  a  retort,  yields  a  greenish- 
yellow  oil  in  the  receiver,  together  with  some  nitric  acid  and 
water  This  oil,  boiled  with  water,  leaves  a  little  yellow  resin. 
The  w^atery  solution,  on  cooling,  deposits  scaly  crystals,  which 
are  easily  soluble  in  spirit,  volatile,  and,  when  saturated  with 
ammonia,  produce  a  red  precipitate  in  a  neutral  solution  of 
chloride  of  iron.  This  makes  it  probable  that  the  acid  is  ben- 
zoic, which  Scharling  believes  to  have  been  produced  by  the 
action  of  nitric  acid  upon  the  oxyde  of  omichmyi 

The  benzoic  acid  wiis,  however,  probably,  at  least  in  i>ail, 
derived  from  the  hippuric,  with  the  existence  of  which  in 
human  urine  Scharling  was  not  acquainted  when  he  wrote.  The 
oxyde  of  omichmyi  was  therefore  very  impure,  as  is  also  evident 
from  all  other  reactions.  Scharling  wasted  much  labour  upon 
the  chlorinated  and  nitrated  bodies  extracted  from  the  mother- 
liquor  of  nitrate  of  urea.  Bnt,  finding  that  his  chloro-  and 
nitro-omichmylic  acid  turned  out  to  be  substitution-products  of 
benzoic  acid,  which  he  had  also  obtained  from  his  oxyde  directly. 
he,  aiter  the  discovery  of  hippuric  acid  as  a  natural  ingredient  of 
the  nrine,  abandoned  his  researches.  Omichmyl-oxyde  was  either 
forgotten  entirely,  or  dragged  on  a  pitiful  existence  in  the  small 
print  notices  of  handbooks. 

I  repeated  the  experiment  of  Scharling  upon  urine  concen- 
trated by  evaporation  on  the  water-bath.  The  ethereal  extract 
yielded  the  oxyde,  and  yielded  the  more  of  it  the  longer  it  was 
heated  by  itself  after  the  evaporation  of  the  ether.  No  oxyde 
was  obtained  if  all  superfluous  heating  was  carefully  omitted. 
From  this  I  learned  that  the  oxyde  was  not  contained  as  such  in 
evaporated  nrine,  and  that  it  was  formed  by  heating  tlie  yellow 
ethereal  extract  with  hippuric  acid.  The  yellow  matter  con* 
tained  in  the  ethereal  extract,  after  purification  by  boiling  with 
dilute  acids,  yielded  the  fallow  resin  of  Pronst,  or  the  omich* 
tnyl-Dxyde  of  Scharling.     It  never  yielded  indigo  blue. 


CHAPTER   XVI  L 
URERYTHRIXE, 


HISTORY  AUD  LITEBATURE. 

It  was  first  described  by  Proust  as  rosacic  acid,  and  believed  to 
constitute  the  eotire  bulk  of  the  lateritious  deposits.  After  uric 
acid  had  been  found  in  these  deposits^  Prout  assumed  purpuric 
acid  in  combination  with  atumonia  to  be  an  admixture  to  these 
deposits.  The  subsequent  observations  of  Fromherz,  Guggert, 
Duvemoy,  Scherer,  Landerer,  and  Heller  sfemed  to  confirm  the 
opinion  of  Proust  as  to  the  acid  nature  of  urerj^thrine,  but  the  ina- 
bility of  chemists  to  produce  salts  of  this  substance  with  bases 
speaks  against  that  opinion.  The  most  extensive  and  also  the  most 
productive  researches  on  this  substance  have  been  made  by 
Heller  (**  Archiv.  Chem.  Micros/*  vi.  361).  But  notwithstand- 
ing his  lucid  description,  little  attention  has  been  paid  to  this 
substance,  and  this  circumstance,  and  the  various  names  under 
which  it  has  passed,  have  produced  some  confusion  regarding  its  ' 
identity. 

Occurrence, 

Urerythrine  occurs  in  fresh  urine  generally  in  a  dissolved 
state,  and  then  imparts  to  the  fluid  a  fiery  reddish-yellow,  or 
yellowish-red  colour,  sometimes  mistaken  for  blood,  or  the  col- 
curing  matter  of  medicines.  It  adheres  to  the  amorphous' 
deposits  of  urates,  imparting  to  them  the  various  shades  of 
colours^  but  not  to  deposits  of  earthy  phosphates. 

Made  of  Obtaining  it  Pure. 
The  deposits  of  urates  with  urerythrine  adhering,  whether 
formed  before  or  after  emission,  are  collected  on  a  filter  and 
washed  with  water,  until  a  portion,  on  being  burned  on  plati- 
num foil,  no  longer  evolves  the  peculiar  odour  of  burned  urine, 
A  considerable  loss  of  substance  necessarily  occurs  with  this 
mode  of  washing,  as  also  with  the  subsequent  washing  with 
alcohol  After  this  operation  the  deposit  is  digested  w^ith  warm 
absolute  alcohol^  which  takes  up  urerythrine,  and,  after  filtration 
and  evaporation  at  a  temperature  not  exceeding  50"  C,  leaves 
in  the  form  of  a  red  amorphous  residue.    The  lateritious  deposit 
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may  also  be  collected  on  a  filter  and  strongly  pressed,  and  with- 
out being  washed,  extracted  with  alcohoL 

If  iirerytlirine  occurs  in  the  urine  in  solution,  it  can  be  ob- 
tained therefrom  by  combining  it  with  an  artificial  precipitate. 
On  adding  to  the  clear  urine  a  little  anunonia  or  carbonate  of 
ammonia,  so  that  it  remains  faintly  acid,  and  no  precipitate  of 
earths  occurs,  and,  after  shaking  and  letting  it  stand  for  several 
hours,  adding  a  few  drops  of  acetic  acid  and  letting  it  stand 
i^in,  a  pink  deposit  will  form  after  the  lapse  of  a  short  time, 
which  is  then  treated  like  the  spontaneous  deposit  (Heller). 

On  dissolving  white  and  pure  urate  of  ammonia  in  iirine,  which 
by  its  pink  or  purple  colour  indicates  the  presence  of  urerythrine, 
it  is  precipitated  on  cooling,  deeply  coloured  by  the  pigment. 

Urerythrine  can  only  be  obtained  from  such  precipitates,  and 
never  by  evaporation  of  the  urine. 

Physiml  and  Chemical  Properties, 
Urerythrine  is  an  amorphous,  lobster-red  substance.  When 
it  shows  a  radiary  or  gi-anular  crystalline  armogement  it  is  im- 
pure. It  has  a  decidedly  acid  reaction,  and  thus  adds  to  the 
acidity  of  urine.  It  is  soluble  in  alcohol^  water,  and  ether,  little 
at  the  ordinaiy  temperature,  more  at  Mgher  temperatures.  The 
solutions  are  of  a  pale  reddish-yellow  colour,  which  is  never 
saturated.  It  burns  on  platinum  foil  without  exhibiting  any 
particular  phenomena,  and  leaves  no  residue.  Ite  solution  in 
water  is  precipitated  by  acetate  of  lead,  by  nitrate  of  suboxyde 
and  protoxyde  of  inercur}%  and  by  salts  of  bar}^ta ;  but  the  preci- 
pitates are  only  loose  combinations,  and  readily  yield  ureryth- 
rine to  boiling  alcohoL  By  dilute  acids  urer)  thrine  is  not 
decomposed.  It  dissolves  in  concentrated  sulphuric  and  hydro- 
chloric acids,  and  thereby  undergoes  a  change. 

Speciriifn  aiid  New  Bractwn  of  Ureryihrme, — Urine  from  a  case 
of  acute  rheumatic  fever  deposited  a  brick-red  sediment  of  urates, 
but  did  not  itself  become  clear.  The  deposits  from  four  days 
were  collected  on  a  filter,  and  boiled  with  alcohol  of  86  per  cent. 
Much  of  the  red  colouring  matter,  and  apparently  of  the  urates 
also,  dissolved,  and  the  latter  were  deposited  in  considerable 
quantity  from  the  alcohol  on  cooling.  The  concentrated  and 
tooled  extract  was  filtered  from  the  red  deposit  which  it  had 
formed,  and  exposed  to  the  oxyhydrogen  light  before  tlie  spectro- 
scope, A  layer  of  three  centimetres  in  thickness  allowed  red 
and  yellow  to  pass:  the  rest  was  obscured  Two  centimetres 
showed  a  broad  absorjjtion  in  green  and  blue,  while  one  centi- 
metre showed  that  this  broad  band  was  composed  of  two  separate 
bands.  There  was  also  a  feeble  narrow  band  between  D  and 
green.  The  interval  between  the  band  in  blue  and  the  dark  end 
was  fine  violet.    The  bands  were  best  seen  when  the  telescope 


214 


UUERYTHRINK. 


was  gently  moved  to  aod  fro.  The  narrow  band  and  m  can  be 
seen  with  an  oil  lamp,  but  /9  only  with  a  good  oxyhydrogen 
lantern.  The  alcoholic  solution  waa  further  repeatedly  filtered 
until  it  was  quite  brilliant,  and  then  had  a  fiery-red  colour,  and 
showed  the  three  bands  most  distinctly. 

A  diagram  of  tliis  spectrum  is  represented  in  fig.  2  of  the 
plate  heading  my  paper  entitled  "Further  Researches  on  Bilirubin 
and  its  Compounds/*  in  **  Jonrn.  Chem.  Soc."  May  1875. 

The  deposit  from  the  first  boiling  alcohol  solution  gave  to  new 
boiling  alcohol  faiut  traces  of  yellow  matter,  and  remained  orange; 
it  then  dissolved  in  potash  with  a  green  colour,  but  gave 
no  bile-colouring  matter  reaction  with  nitric  acid,  and  when 
acidulated  yielded  nothing  to  chlorofomi.  It  consisted  of  urates 
still  coloured  byur€rytlirine,a3  was  specially  proved,  Urerythrijie, 
when  solid  and  dry,  and  treated  with  caustic  potash,  assumes 
immediately  a  ^reen  colaur,  and  is  then  rapidly  destroyed.  Im- 
mediate acidification  of  the  solution  does  not  restore  the  ureryth- 
rine.  This  reaction  is  highl3"  characteristic  of  the  substance ; 
it  calls  to  mind  some  similar  reactions  of  vegetable  red  colouring 
matters. 

Diagjums  in  Urine, 

The  piok  colour  of  urine,  and  the  production  in  it  of  a  light 
pink  precipitate  by  the  addition  of  a  great  excess  of  acetate  of 
lead,  ensure  the  di^nosis.  The  precipitate  produced  by  acetate 
of  lead  in  urine  destitute  of  urerythrine  is  white,  though  contain- 
ing colouring  matter.  The  filtrate  from  this  precipitate,  by  boil- 
ing with  hydrochloric  acid,  yields  a  te^t  for  indigogen.  The 
presence  of  the  same  substance  is  indicated  by  the  filtrate 
assuming  a  violet  colour  when  shaken  with  concentrated  sulphuric 
acid.  When  ether  is  shaken  with  this  acid  mixture  it  becomes 
red  from  urrhodiae ;  and  trora  the  blue  residue,  indigo  blue 
may  be  obtained  by  boiling  with  alcohol 

When  much  urochronie  is  present  in  urine,  the  precipitate 
obtained  by  acetate  of  lead  assumes  a  bay  colour  without  any 
admixture  of  red.  An  excess  of  this  colouring  matter  does, 
therefore,  not  prevent  the  pink  colour  of  the  precipitate  by  lead, 
due  to  urerythrine,  from  appearing  in  cases  where  urerythrine  is 
present.  The  colouring  matter  of  bile  stains  the  lead  precipitate 
intensely  yellow,  and  then  it  is  difficidt  to  prove  the  presence  of 
urerythrine. 

For  experiment,  urine  from  a  case  of  acute  rheumatism  is  best 
suited. 

The  deposits  may  also  be  examined  for  urerythrine  by  dissolv- 
ing them  in  water,  and  treating  the  solution  with  acetate  of  lead. 
From  this  precipitate  a  purer  urerj^fchrine,  with  a  less  consider- 
able loss,  is  mostly  obtained. 
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la  order  to  ensure  the  diagnosis  of  the  presence  of  urerythrine 

it  ia  necessary  to  bear  in  mind  that  deposits  may  be  coloured  red 
by  the  Ibllowing  substances  : — 

1,  Only  in  strongly  alkaline  urine  by 
(a.)  Urrhodine  (colour  more  violet). 
(k)  Precipitates  of  senoine  or  rheiue. 

2.  In  acid  or  alkaline  urine  by 
(rt.)  Urerythrine. 
(b,)  Blood-corpuscles. 

The  following  reactions  ensure  the  diagnosis  of  these  sub- 
stances :■ — The  deposit  from  which  the  fluid  has  been  removed  by 
decantation  or  filtration  is  shaken  with  ether,  which  assumes  a 
violet-red  colour  %vhen  urrhodine  is  present,  and  dissolves  the 
entire  amount  of  this  substance. 

A  part  of  the  deposit  is  acidulated  with  sulphuric,  hydro- 
chloric, or  acetic  acid ;  if  the  colour  is  changed  into  citron  yellow, 
and  by  the  addition  of  ammonia  back  again  into  red,  sennine  or 
rheine  are  indicated 

The  presence  of  albumen  or  coagulating  haematoglobuUne 
ensures  the  diagnosis  of  blood, 

Pailwlogy  of  Urerythnnc. 
As  urerythrine  does  occur  but  rarely  in  healthy  urine^   its 
appearance  is  practically  a  symptom  of  disease.     It  occurs  more 
frequently  than  any  other  abnormal  substance ;  but,  notwith 
standing,  its  exact  beariog  has  not  as  yet  been  ascertained. 

When  organic  medicines  and  compounds,  drastics,  mineral 
salts,  and  solvents  cause  disorders  of  the  intestinal  canal  or  the 
kidneys,  urerythrine  does  not  appear  in  the  urine.  Tincture  of 
cantharides,  for  example,  when  given  in  such  doses  as  to  cause 
albumen  and  blood  to  appear  in  the  urine,  did  not  make  ureryth- 
rine appear  in  the  urine.  Its  occurrence  is  rarely  observed  to 
^^  accompany  diseases  of  the  kidneys. 
^^P  The  case  is  different,  however,  with  metallic  salts  ;  the  com- 

^^       pounds  of  lead,  copper,  mercury,  arsenic,  antimony,  and  others, 
I  when  given  medicinally  or  ingested  accidentally,  even  in  small 

I  doses,  soon  cause  urerythrine  to  appear  in  the  urine.    When  taken 

I  in  large  doses,  so  as  to  exert  poisonous  effects,  they  cause  the  ap- 

I  pearance  of  large  quantities  of   urerythrine  in  the  urine.     As 

I  urerythrine  frequently  appears  in  the  urine  in  consequence  of  or 

I  in  connection  with  diseases  of  the  liver,  independent  of  metallic 

I  poisons,  and  as  the   latter  mostly  exert  their  lirst  poisonous 

L  action  in  the  liver,  it  becomes  likely  that  the  liver  is  in  both 

^^L       cases  the  place  where  this  substance  is  produced, 
^^T  When  urerythrine  is  present  in  urine,  the  common  colouring 

W  matter  is  mostly  present  in  larger  quantities,  as  are  also  urea 
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and  uric  acid    The  quantities  of  ijioi^anic  salts  are  variable- 

Any  deposits  that  may  occur  assume  a  pink  colour. 

iBdigogen  is  changing,  relatively  to  urerythrine.  In  urine 
from  cases  of  acute  rheumatism  the  quantities  of  these  sub- 
stances seem  to  stand  in  an  inverse  proportion  to  each  other. 

Diseases  in  wkkh  UrtrytkHm  tmsi  ccmimonly  occurs  in  the  Urifie. 

1«  Acute  Sheumaiism, — In  this  disease  it  is  almost  constantly 
present^  but  its  quantity  is  often  changing  periodically*  The 
earthy  phosphates  appear  to  be  augmenteLl 

PericardUu. — When  this  disease  sets  in,  the  earthy  phosphates 
mostly  undei*go  a  rapid  diminution,  and  during  twelve  houra 
may  fall  from  the  highest  to  the  lowest  figure.  Then  follows 
sinking  of  the  chlorides,  until  they  disappear  entirely,  and  some 
albumen  mostly  makes  its  appearance.  At  this  stage  the 
quantity  of  urerythrine  present  is  very  large. 

Pneumonia,  pleuritis,  i>eritonitig,  and  acute  morbus  Brightii, 
when  complicated  with  acute  rheumatism,  show  the  same  course 
of  urerythrine  and  other  ingredients  of  the  urine. 

2.  Certain  dmase^  of  the  Liver,  such  as  hypertrophy,  induration, 
granular  liver,  are  accompanied  by  the  largest  amount  of  \ireryth- 
rine  that  ever  occurs  in  the  urine.  Ascites,  in  consequence  of 
liver  disease,  gives  a  large  amount.  In  these  cases  the  quantity 
of  the  phosphates  is  normal,  and  the  amount  of  urochrome  is 
mostly  increased.  The  colouring  matter  of  bile  is  only  present 
in  cases  w^hich  are  complicated  by  obstruction  of  the  gall-duct 

3,  Lead'Cdic  and  Metallic  PoiKouinf/. — In  these  cases  the  urine 
is  similar  to  tliat  in  diseases  of  the  liver,  but  never  contains  the 
constituents  of  bile.  Lead  and  copper,  when  causing  disease^ 
are  ahmi/s  to  be  detected  in  the  urine  ;  the  other  metals  in  many 
cases.     Earthy  phosphates  are  variable. 

4  InfcryniUeni  Fever, — The  phosphates  are  variable ;  urea  is 
mostly  diminished,  except  during  paroxysms. 

5.  Bm^ses  of  the.  Brain. — In  acute  cases  of  arachnitis  and 
meningitis,  the  amount  of  urer}^thriue  in  the  urine  is  always 
increased.  The  quantities  of  earthy  pliosphates  and  of  urea  are 
increased.  There  is  little  ammonia  and  albumen.  In  chronic 
diseases  of  the  brain,  such  as  hydrocephalus  and  tubercles, 
urerythrine  is  often  present.  Typhus  also  makes  urerythrine 
appear  in  the  urine,  together  with  an  excess  of  earthy  phosphates, 
particularly  when  brain  symptoms  are  pre^^ent 
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IXTKODUCTIOX, 

The  matter  to  which  uriBe  owes  either  the  whole  or  the  greater 
part  of  its  yellow  colour  I  have  termed  urochrome  (*'  Hastings 
Prize  Essay  of  the  British  Medical  Asaociatioo,"  1864).  It  is 
an  alkaloid,  hut  not  of  very  pronounced  basic  properties,  as  has 
been  sliowii  in  the  chapter  on  reducine.  It  can  now  no  longer 
be  confounded  with  the  extractive  acid^,  kiyptophaoic  and  para- 
phanic,  nor  with  the  colourless  substances,  which,  like  indigogen 
and  nrrhodiiiogen,  form  pigments  by  chemolyaia.  It  has  been 
isolated,  but  not  tiuajly  analysed.  Its  principal  characteristic  is, 
that  on  chemolysis  with  acids,  it  is  split  up  into  several  bodies  of 
smaller  atomic  weight,  one  of  which,  uromelanine,  seems  to  be 
derived  from  the  colouring  ingredient  of  the  blood.  As  pure 
urochrome  does  not  show  any  specific  absorption  before  the  spec- 
troscope, when  strongly  accidified,  it  is  not  the  chromogen  of 
urobilin,  and  is  not  derived  from  it.  Yet  urochrome  gives  rise, 
by  chemolysis,  to  probably  two  or  three  substances  having  dis* 
tinct  spectral  phenomena,  which  greatly  aid  in  their  diagnosis. 

£arlier  Besmrchsa  an  the  Colouring  Matter, 

Tot  an  appreciation  and  interpretation  of  the  labours  of 
Scherer  ("  Med,  Gazette/'  1845,  pp.  303,  410),  Harley 
(*'  Verhandh  Wilrzburg  Phya  Ver."  vol  v.  1854),  and  Marcet, 
I  must  refer  to  the  introduction  to  the  Hastings  Prize 
Essay,  where  the  processes  and  products  of  these  authors 
are  described,  VogeVs  method  of  estimating  the  amount  of 
colouring  matter  in  the  urine  by  mere  shade  and  density  of 
colour  ("Archiv.  Verein,  gemeinsch,  Arbeiten,"  1  (1853),  137) 
does  not  appear  to  me  to  have  any  claim  to  that  degree  of 
accuracy  which  science  demands,  and  I  have  therefore  not 
given  it  in  this  present  edition.  The  producta  of  the  chemo- 
lysis of  uroclirome  were  first  described  by  Proust  (in  the  Spanish 
"  Annales  de  Historia  Natural,"  March  1800,  Nr.  iii.  p.  275  ;  and 
in  the  old  "  Ann.  Chim."  36,  258;  and  again  in  "Ann.  Chim/' 
new  aeriea,  14,  2&0)«    A  full  account  of  these  results  was  also 
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given  in  the  Hastiogs  Prize  Essay.  lo  1844  liebig  (**  Anti. 
Chem."  50.  IGlJ  drew  attention  to  Proust's  papers,  but  without 
himself  advancing  the  subject.  The  singular  circumstance  that 
our  knowledge  regarding  the  normal  colouring  matter  of  urine 
has  not  advanced  quicker  and  farther  than  we  perceive  it  to  be, 
is  due  in  the  first  instance  to  the  neglect  of  the  observations  of 
Proust;  and  in  the  second  to  the  negligent  habit  of  authors  of 
confounding  the  colouring  matter  with  the  chromogen*8  and  some 
of  their  products  on  the  one,  and  with  the  extractive  acids  on  the 
other  hand. 

MoiUs  of  Isolating  Urockr&me. 

h  The  mode  of  isolating  urochrome  by  means  of  phospbo- 
molybdic  acid  has  been  fully  described  under  the  chapter  re- 
ferring to  reducina 

2,  Another  mode  consists  in  precipitating  fresh  uiine  with 
neutral  and  basic  lead  acetate,  decomposing  the  precipitate  with 
sulphuric  acid,  and  precipitating  the  urochrome  (and  some  xan- 
thine-like  body)  from  the  filtrate,  by  phospho molybdic  acid. 

3.  A  third  mode  is  the  following:— The  urine  is  treated  in  the 
cold  with  excess  of  baryum  hydrate  crystals,  and  after  saturatian 
mih  btiri/ta,  filtered.  The  filtrate  is  treated  with  lead  acetate 
solution  and  ammonia,  until  no  further  yellow  precipitate  is  pro- 
duced. The  precipitate  is  filtered,  washed,  and  triturated  in  a 
mortar  with  excess  of  sulphuric  acid ;  tlie  filtrate  from  the  sul- 
jihate  then  shows  the  urobiline  spectrum  (spectrum  4  of  plate  in 
*'  Chem.  Soc.  Journ,*'  May  1875),  The  acid  solution  is  now  treated 
with  baryum  hydrate,  and  any  slight  excess  of  this  neutralised  by 
a  current  of  carbonic  acid.  The  filtrate,  if  necessary  concentrated, 
is  now  treated  with  strong  alcohol,  and  the  precipitate  of  krypto- 
phanate  and  other  matters  removed  by  filtration.  The  filtrate 
containing  the  urochrome  is  evaporatai  to  dryness  in  a  strong 
current  of  air.  The  residue  is  yellow,  and  for  the  most  part 
soluble  in  water,  but  the  solution  show^s  no  particular  absorption 
spectrum, 

Chemolysis  of  this  residue  with  boiling  hydrochloric  acid  pro- 
duces an  immediate  precipitate,  which  after  filtering,  washing 
and  drying,  yields  to  ether  a  new  product  resembling  omicholine 
in  all  but  its  spectrum.  The  red  solution  showed  spectrum  3  of 
the  plate  above  quoted,  having  a  distinct  narrow  band  at  the 
beginning  of  yellow,  and  a  broader  band  at  the  beginning  of 
blue ;  all  blue  slightly  obscured,  violet  cut  off.  The  residue 
insoluble  in  ether  is  now  treiited  with  alcohol,  which  dissolves 
the  uropiUin^.  This  solution  gives  spectrum  7  of  plate,  having 
a  band  overlying  the  green  and  beginning  of  blue,  faint,  and  of 
least  intensity  on  the  green  side,  but  of  deepest  intensity  and 
sharply  defined  on  the  margin  towards  the  blue.    The  blue  which 
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ai>pears  beyond  the  band  is  of  the  same  intensity  as  the  band 
itaelf, 

4.  Urine  is  saturated  with  baryta  by  agitation  with  an  excess 
of  crystals,  and  the  tiltrate  is  treated  with  lead  acetate  cantiously, 
to  obtain  a  precipitate  without  neutmltsing  the  alkalinity  of  the 
liquid.  This  precipitate  is  treated  with  excess  of  lead  acetate  to 
dissolve  out  the  kr}']:vtophanate.  It  is  washed  with  water  and 
decomposed  with  sulphuric  acid,  and  may  now  be  further  treated 
by  the  phosphomolybdic  acid  process.  It  is  remarkable  as  yield- 
ing no  nrobiliue  spectrum.  Boiled  with  a  slight  excess  of 
sulphuric  acid  for  some  time,  it  darkens  at  first,  and  then  de- 
posits some  resinous  flaky  matter,  which  is  filtered  off,  washed,  and 
treated  with  ether.  This  dissolves  a  small  portion  of  omicholine 
(see  epectrum  6  of  plate  quoted) ;  the  residue  dissolves  almost 
entirely  in  alcohol,  and  consists  of  m-opittin,  leaving  some  uro- 
melanine.  The  filtrate  from  the  resinous  matter  is  boUed  for 
»ome  time  longer  with  more  sulphuric  acid,  and  furnishes  a  cou- 
Biderable  quantity  of  uromelanine,  which  is  dissolved  in  ammonia 
and  precipitated  by  acid* 

I  made  a  number  of  experiments  similar  to  the  foregoing,  with 
a  view  of  ascertaining  whether  by  fractional  precipitation  the 
yellow  matter  here  termed  urochrome  could  be  separated  into 
two  or  more  yellow  bodies,  or  a  yellow  one  and  some  colourless 
body,  and  whether  these  could  then  be  singly  transformed  into 
the  decomposition  products  believed  to  derive  from  urochrome. 
But  the  experiments  all  gave  the  same  results  ;  each  fraction  of 
precipitate  yielded  the  three  products  described  by  me  above, 
and  none  yielded  any  substance  Laving  the  slightest  resemblance 
to  hydrobilirubin.  The  chemical  principles  upon  which  the 
isolation  of  urochrome  is  based  will  then  be  easily  seen  to  be  the 
following : — 

Precipitants  for  urochrome  are  phosphomolybdic  acid  in  acid 
solution  ;  lead  acetate  in  acid  and  alkaline  solution. 

Phosphoric  and  sulphuric  acid  are  separated  at  whatever  stage 
by  caustic  baryta,  with  which  urochrome  forma  a  compound 
soluble  in  water  and  in  spirit 

The  extractive  acids,  kryptophanic  and  paraphanic,  are  sepa- 
rated either  by  treating  the  mixture  of  their  lead  salts 
with  urochrome  lead  by  excess  of  saturated  lead  acetate  solution » 
which  dissolves  the  extractive  acid  lead  salts,  while  leaving 
urochrome  lead  insoluble  ;  or  by  treating  the  mixture  of  their 
baryta  salts  with  alcohol,  when  the  extractive  acid  salts  are  pre- 
cipitated, and  the  urochrome  baryta  dissolves. 

The  indigogen,  and  urrhodinogen,  and  urobilinogen,  are  best 
removed  by  the  phosphomolybdic  acid,  which  leaves  them 
uoaftected-  This  acid  also  enables  the  operator  to  get  rid  of  all 
but  traces  of  chlorine  ;  but  it  carries  a  body  resembling,  though 
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Dot  identical  with,  xanthine,  into  the  urochrome^  from  which  it  is 
at  present  separated  only  with  great  difficulty. 

The  indigogen  and  urrhodinogen  are  also  separated,  at  least  aa 
to  their  main  quantity  if  not  entirely,  hy  precipitating  the  urine 
with  nentral  and  basic  lead  acetate  only,  without  employing 
ammonia  for  a  third  precipitate.  It  is  this  third  precipitate 
which  contains  the  main  if  not  the  whole  quantity  of  these 
chromogens. 

LaM  Piirijkati&n  of  Urachromf. 

The  urochramo  oLlained  by  any  of  the  above  prooeBses 
is  liable  to  contain  a  trace  of  hydrochloric  acid,  and  a  trace  of  a 
xanthine-like  body.  Both  these  inipuntiea  can  be  removed  by 
shaking  the  solution  with  fi-eshly-prepared  oxyde  of  silver,  Tlie 
silver  combines  with  a  great  part  of  the  nroehrome,  forming  a 
a  bulky  precipitate,  while  the  uroclirome  w^hich  remains  insola- 
tion contains  silver  in  solution.  This  solution  is  yellow,  but 
much  brighter  than  before  the  treatment  with  silver  oxyde ;  it 
is  freed  from  silver  by  hydrothion,  and  the  filtrate  evaporated  to 
dryness  on  the  water-batk  Pure  urochrome  now  remains  in  the 
form  of  an  amorphous  yellow  solid  matter.  In  this  operation 
the  quantity  of  silver  oxyde  employed  must  be  carefully  pro- 
portioned to  the  quantity  of  chlorine  aod  xanthine-like  body  to 
be  removed,  and  beyond  this  only  a  slight  excess  must  be  used; 
any  gi'eat  excess  of  silver  oxyde  would  leave  hardly  any  uro 
chrome  in  solution^  and  cause  the  operation  to  fail 

Ph  If  steal  a}id  Chemical  Prapcrtits  of  Urochrmns^ 

On  evaporation  of  a  pure  and  neutral  solution  of  urochrome 
it  remains  in  the  form  of  yellow  crusts.  They  are,  however,  not 
entirely  resoluble  in  water. 

It  18  easily  soluble  with  a  purely  yellow  colour  in  water,  least 
in  alcohol,  more  in  ether,  x^rj  dilute  mineral  acids,  and  alkalies. 

Its  watery  solution,  on  sti^nding,  even  when  precluded  from 
contact  with  air,  assumes  a  darker  colour,  verging  towards  red, 
and  becomes  red  at  last  It  next  l»eeomes  turbid,  and  deposite 
Hakes  of  resinous  matter  This  decomposition  is  eflected  more 
quickly  by  the  agency  of  heat 

When  a  yellow,  somewhat  acid,  watery  solution  of  urochrome, 
such  as  can  be  obtained  without  the  emplnpnent  of  oxyde  of 
silver,  is  evaporated  in  the  open  air  on  the  water-bath,  it 
bepomes  covered  with  a  red  film  of  resinous  matter.  The  fluid, 
on  cooling,  becomes  turbid;  but  ultimately  is  cleared  up  by  the 
deposition  of  more  resin,  which  was  dissolved  in  the  hot  fluid, 

The  same  acid  watery  solution,  evaporated  in  a  retort  in  a 
ciiri'ent  of  hydrogen,  is  decomposed.  Kesin  is  formed,  which  is 
dissolved  in  the  acid  liquid  with  a  red  colour;  but  falls  down  on 
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cooling  ill  the  form  of  flakes.  Tliese  under  the  microscope  are 
seen  to  be  composed  of  red  non-crystalline  granules.  A  highly 
acid,  clear,  colourless,  stinking  distillate,  passes  into  the  receiver. 
The  ultimate  residue  in  the  retort  is  synipy,  and  remains  so 
when  repeatedly  treated  with  water  to  remove  resin,  and  redis- 
tiUed  in  the  hydrogen  current. 

Acids  efifect  a  similar  transformation  by  mere  contact,  immedi- 
ately by  boiling.  Hydrochloric  acid  immediately  precipitates 
resin  by  boiling  ;  but  retains  in  solution  much  resin,  of  which  the 
greater  part  is  precipitated  by  the  addition  of  water.  Dilute  nitric 
acid  also  efiects  this  decomposition  ;  but  the  solution  cannot  be 
concentrated,  a.s  can  the  hydrochloric  acid  solution,  Tlie  hydro- 
chloric acid  solution,  after  evaporation  of  most  acid  and  neutral- 
isation of  residue,  does  not  yield  tlie  reaction  for  sugar  with  an 
alkaline  solution  of  copper*  Boiled  with  caustic  potash  and  a 
little  oxide  of  lead  in  solution,  urochrome  apparently  undergoes 
no  change  ;  no  sulphide  of  lead  m  deposited. 

From  its  watery  solution  urochrome  is  precipitiited  by  nitrate 
of  silver  as  a  gelatinous  mass,  entirely  soluble  in  nitric  acid; 
neutral  acetate  of  lead  throws  down  a  white  and  flaky  precipi- 
tate ;  basic  acetate  of  lead,  a  bay  or  yellow  coloured  flaky  pre- 
cipitate. Acetate  of  mercury  produces  a  yellow  fawn  precipitate. 
Vreeipitation  by  this  reagent  is  complete  from  neutral  solutions. 
Nitrate  of  mercury  produces  a  white  precipitate ;  which,  after 
boiling,  becomes  pale  flesh-coloured ;  it  is  entirely  soluble  in 
nitric  acid.    The  supernatant  fluid  assumes  a  pink  colour. 

DecompositiOTts  of  Urochrome. 
Uromelamnet  UropiUim,  Omicholine,  Omicholic  Acid, 

When  an  acid  watery  solution  of  urochrome,  or  a  mixture  of 
urochrome  and  a  quantity  of  mineral  acid,  is  boiled  for  a  suffi- 
cient length  of  time,  the  fluid  assumes  a  dark  red  or  brown  colour, 
and  drops  of  resin  are  seen  in  it  On  the  addition  of  water,  or  on 
cooling  and  standing,  it  deposits  red  or  brown  flocks,  wMch  can 
be  worked  into  a  lump  by  kneading  with  a  glass  rod,  and  removed. 
By  repeating  the  boiling  of  the  mother-liquid  some  more  resin 
can  be  obtained ;  but  the  subsequent  portions  show  already,  by 
their  black  colour,  that  they  are  not  so  pure  as  the  first  portions. 

When  this  resin  is  allowed  to  stand  under  water,  or  kneaded 
with  a  glass  rod,  a  brown  powder  sepai^ates  from  it,  which  is 
evidently  mechanically  mixed  with  it  {Urmiclaninc.)  This 
powder  also  remains  undissolved  when  the  resin  is  extracted 
with  alcohoL  Boiling  alcohol  dissolves  a  little  of  this  brown 
powder,  and  deposits  it  again  on  cooling.  If,  therefore,  the  resin 
is  dissolved  in  boiling  alcohol  and  filtered  hot,  the  solution  has 
to  be  filtered  a  second  time  after  standing  for  twenty-four  hours. 
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The  alcoholic  solution  of  the  resin  thus  obtained  is  of  a  ruby- 
red  colour.  The  addition  of  water  causes  at  first  an  opacity  in 
it ;  soon,  however,  the  greater  part  of  the  resin  is  deposited  in 
the  form  of  reddish-brown  flocks.  If  the  alcoholic  solution  is 
evaporated  to  a  high  state  of  concentration  and  poured  into  cold 
water,  the  resin  is  deposited  in  a  granular  form.  If  the  coloured 
liquid  is  now  filtered  off,  and  the  granules  are  agitated  in  hot 
water,  they  again  coalesce  into  the  original  soft  red  resin.  On 
drying  and  standing,  the  resin  becomes  hard  and  brittle.  In  hot 
water,  it  becomes  adhesive,  like  tar,  and  dissolves  a  little.  It 
has  a  peculiar  powerful  smell,  which  is  evidently  the  basis  of  the 
smell  of  castoreuni.  Healed  on  platinum,  it  fuses;  and  under 
boiling  emits  a  powerful  and  disagreeable  colour.  It  next  burns 
with  a  strongly  lighting  flaoie,  and  is  ultimately  entirely  con- 
sumed. It  coosists  mainly  of  three  distinct  substances,  two  of 
which  are  permanently  fluid  resinous  substances,  soluble  in  and 
extracted  by  ether,  omicJwlhiC  and  ajnickohc  acid ;  while  a  third 
is  a  permanent  solid  body,  uropUtine,  exhibiting  resinous  qualities 
under  certain  conditions.  Sometimes  small  quantities  of  inter- 
mediate  products  (urarulim,  in^ia-uropUiine,  ^mramdafihie)  are 
mixed  with  and  sepamted  from  the  foregoing  products,  which  are 
the  main  and  invariable  products  of  the  decomposition  of  uro- 
chrome. 

Mode  of  Ohiaining  Uropittiiie  atid  Urmiulanim  from  Urine 

direct  I  i/. 

The  mixture  of  resin  and  black  matter  can  be  obtained  from 
urine  in  the  following  manner  :— 

(a)  From  Fresh  Urine.— A  quantity  of  prepared  extract  of 
urine  is  put  into  a  capacious  beaker,  and  mixed  with  concen- 
trated sulphuric  acid,  added,  drop  by  drop,  while  the  fluid  is 
being  agitated.  After  filtmtion  from  a  slight  precipitate,  the 
fluid  is  diluted  with  water  aud  distilled  in  a  capacious  retort. 
When  the  fluid  has  been  reduced  to  oue-half,  the  black  resin 
will  be  seen  adhering  to  the  sides  of  the  glass  and  to  the  pla- 
tinum, which  it  is  well  to  put  into  the  retort  to  prevent  bumping. 
The  boiling  is  now  interrupted,  and  the  fluid  allowed  to  cool 
Fluid  and  resin  are  separated  by  decantation  or  filtration-  The 
particles  of  resin  are  united  by  fusion  in  hot  water.  They  are 
then  washed,  dried,  and  the  resin  is  extracted  from  the  black 
matter  by  solution  in  alcohol. 

(6)  Frtmi  Putrid  Urine. — Putrid  urine  is  treated  with  a  little 
lime  in  powder,  or  sawdust,  and  filtered.  The  dark  brown  fil- 
trate is  evaporated  in  an  open  dish  over  the  free  fire.  Although 
it  soon  assumes  a  strongly  acid  reaction,  nothing  but  ammonia 
passes  away.  All  froth  which  rises  during  the  evaporation  is 
carefully  skimmed  oft^.    When  black  particles  begin  to  appear  on 
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the  surface  it  is  allowed  to  cool,  filtered,  put  into  a  retort,  mixed 
with  dilute  sulphuric  acid,  and  distilled.  A  mixture  of  hydro- 
chloric, henzoic,  acetic,  and  another  acid  passes  over,  together 
with  a  stinking  matter,  which  deposits  in  flakes  when  the  distil- 
late is  left  to  stand.  The  residue  in  the  retort  soon  deposits  the 
resin  as  a  soft  tar  on  ihe  surface  of  the  fluid,  the  sides  of  the  ves- 
sel, and  the  platinum,  put  into  the  fiuid  for  safe  boiling.  The 
resin  is  separated  mechanically  and  hy  the  filter,  washed,  and 
separated  into  its  cousiituents  by  alcohol.  The  uropittine  and 
uromelaniue  thus  ohl^iined  present  the  same  essential  properties 
as  those  obtained  from  fresh  urine. 

The  mixed  resin  obtained  from  putrid  urine  has  some  peculi- 
arities by  which  it  is  distioguished  from  the  resin  obtained  from 
fresh  urine. 

It  has  the  smell  of  asphaltum  when  fresh,  mixed  with  that  of 
castoreum.  Its  taste  is  slightly  hitter,  and  highly  nauseous.  It 
does  not  dissolve  in  the  saliva  to  any  great  extent. 

The  black  matter,  after  separation  from  the  resin  by  alcohol, 
and  purification  by  precipitation  from  potash,  falls  down  as  a 
bulky  deposit,  but  shrinks  on  drying.  It  ultimately  becomes 
hard,  black,  and  shining,  and  breaks  like  asphalts.  It  diflers, 
therefore,  in  its  physical  appearance,  from  the  uromelanine 
obtained  from  fresh  urine. 

The  resin,  or  uropittine,  from  putrid  urine  is  also  peculiar  in 
this,  that  it  is  much  darker  than  the  resin  from  fresh  urine*  and 
contains  some  benzoic  acid,  which  is  never  present  in  the  resin 
from  fresh  urine.  From  this  it  can  he  separated  by  precij^itating 
its  alkaline  solution  by  acid  in  hot  water,  collecting  the  resin  by- 
kneading,  and  decanting  the  liquor,  which  contains  the  benzoic 
acid  and  some  resin  in  solution. 

Volatile  Oil,  Acetic,  and  Fminic  Acid. — The  distillate  obtained 
in  the  foregoing  chemolysis  is  acid,  and  of  a  disagreeable  odour. 
It  is  neutralised  with  carbonate  of  soda,  and  evaporated  to 
a  smaller  bulk,  "VMien  it  is  observed  to  evolve  a  strong  urinous 
smell  the  evaporation  is  interrupted.  It  is  now  extracted  with 
repeated  quantities  of  ether;  the  ether  is  distilled  off,  and 
leaves  an  e^s^ntial  oil  as  a  residue  ;  this  has  a  powerful  peculiar 
odour,  a  yellowish  colour,  and  on  mixing  with  water  becomes 
milky  ;  on  being  heated  with  nitrate  of  mercury  it  gives  a  purple 
reaction,  and  does  not  change  the  solution  of  silver  even  on  boil- 
ing. It  consequently  contains  no  phenol  or  cresol,  and  is  evi* 
dently  an  od  of  a  peculiar  kind.  It  may  be  termed  the  volatilt 
oil  of  urine. 

The  neutralised  solution  from  which  the  oil  has  been  extracted 
contains  lat^e  quantities  of  acdic  find  formic  acid  in  combination 
with  the  base  employed.  These  acids  will  be  treated  of  in  a 
separate  chapter.     It  is  at  present  impossible  to  say  whether 
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they  are  present  in  the  fresh  urine,  or  formed  by  the  chemolysts 
from  more  complicated  bodies,  notably  from  urochrome.  But  it 
IB  necessary"  in  this  place  to  assm-e  the  reader  that  these  substances 
are  formed  massively,  so  that  in  a  larger  operation  1  have  obtained 
many  ounces  of  uromelanine  in  a  pure  state,  and  many  ounces 
of  acetate  and  formiate  of  lead  and  baryta,  from  which  the  pure 
acids  were  separated  by  the  processes  to  be  described. 

Synopsis  of  Uu  Prodmts  of  tht  ChemolysiB  of  Urine^ 
A.  Fixed  Colmtred  Pr&dwU  of  Ikctmpoiition  h^  Bujifihurk  Acifl 

?l    iii^f       'Juropitti^^  .         .     Soluble,  sparingly, in  alcohol 

alljoJBbU    m^^^^^^^^.^^  Soluble;  tJi^il^ii  alcohol. 

I^Mctauropittine  *     Soluble  in  alcohoL 

Solobla  in  ether  i  Oniiciiolino  .     Insoluble  in  ammoDia. 

and  alcohoL       \  Omicbolic  aci^  *     Soluble  in  ammonia. 


J?.   VolatiU  Products  of  Ikcomposifion  by  Sulphuric  Add^ 

Soluble  in  etber  .     Essential  oii 

Am  sodium  aalU  insoluble  in  }  Acetic  acid, 

etber  )  Forniic  acid* 

Chtwirnl  and  Physical  Character  of  Uromelanim* 

Uromelanine  is  insoluble  in  water;  very  little  soluble  in 
alcohol,  but  imparts  to  this  agent  a  dark  red  colour,  in  the  cold, 
while  it  is  in  its  bulky  condition,  but  when  contracted  and  pul- 
verulent, boiling  is  necessary  to  colour  the  alcohol.  It  is  very 
easily  soluble  in  dilute  caustic  alkalies,  ammonia  and  potash, 
and  precipit^ed  liy  any  acid*  From  its  solution  in  the  smallest 
f quantity  of  ammonia  it  is  completely  precipitated  by  most 
soluble  salts  of  the  earths  and  the  metals-  The  ammoniacal 
solution  of  nitrate  of  silver  produces  no  precipitate  in  the 
ammonia  solution  of  uromelamne,  but  the  precipitate  appears  on 
the  addition  of  acetic  acid*  Uromelanine,  whether  prepared 
from  fresh  or  putrid  urine,  is  slightly  soluble  in  acetic  acid,  more 
in  hot  than  in  cold ;  and  from  this  solution  nitrate  of  mercury 
precipitates  a  red  matter  On  dry  distilktion  it  gives  out  white 
fumes,  which  condense  to  an  oil,  but  no  sublimate  of  any  kind 
is  obtained.  The  fumes  or  oil  are  neutral,  bleaching  rather  than 
changing,  like  ucid  or  alkali,  the  colour  of  litmus.  They  give  no 
aniline  reaction,  but  with  nitrate  of  mercury  they  give  an  ex- 
quisite red  reaction  and  precipitate,  A  y^tj  voluminous  deo^e 
charcoal  of  the  bulk  of  the  original  particles  remains. 

Uromelanine  dissolves  in  nitric  acid  with  a  dark  red-brown 
colour.  Red  vapours  are  evolved  on  boiling,  but  the  reaction  is 
not  violent  even  with  much  acid.  After  long  boiling  the  solu- 
tion is  yellowish-red.     Addition  of  water  produces  a  fawn  pre- 
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cipitate  which  is  entirely  soluble  in  alcohol,  and  with  ammonia 
and  baryum  chloride  gives  a  voluminous  yellow  precipitate. 
When  the  nitric  acid  is  evaporated  two  matters  are  left,  one 
soluble  in  alcohol  the  other  insoluble.  The  solution  gives  the 
red  reaction  with  nitrate  of  mercury. 

Concentrated  fuming  sulphuric  acid  easily  dissolves  urome- 
lanine,  forming  a  red  or  purple  solution.  Immediate  addition  of 
water  precipitates  all  coloured  matter,  and  the  liquid  is  white 
and  clear.  But  when  the  concentrated  mixture  is  allowed  to 
stand  over  night,  water  precipitates  a  coloured  portion  ;  another 
coloured  portion  remains  dissolved.  Carbonate  of  baryum  preci- 
pitates all  coloured  matter  on  boiling,  and  the  filtrate  is  again 
white. 

Eecently  precipitated  uromelanine  suspended  in  water  and 
subjected  to  the  action  of  chlorine  yields  a  brownish  substance, 
soluble  in  boiling  alcohol.  While  the  spirit  is  being  heated, 
some  of  the  substance  melts  to  a  brown  resin,  which  dissolves  by 
continued  heating  with  new  alcohol.  The  solutions  added  to- 
gether yield  on  cooling  yeHowish-red  amorphous  flakes.  These 
Hakes  are  not  again  entirely  soluble  in  alcohol,  probably  because 
the  chloro-compound  undergoes  a  change  during  the  heating 
with  the  alcohol  and  subsequently.  This  supposition  was  con- 
firmed by  the  results  of  elementary  analysis. 

Elementary  Composition  of  Uromela  nine. 

From  many  analyses  of  four  different  large  preparations,  and 
from  the  two-thirds  basic  silver  salt  Ur  :  Ag  =  3  :  5  to  be  de- 
scribed, and  from  the  harmony  in  the  proportion  of  all  the  salts, 
it  follows  that  uromelanine  is  Cj^H^NyOiQ . 


Theory  of  atoms. 

Per  cents. 

Found  mean. 

C«     .        .      432 
iC     •         •       43 

58-93 

57-21 

5-86 

5-74 

N,      .        .98 

13-36 

12-88 

0,0     .         .     160 

21-85 

24-17 

733  10000  10000 

Compounds  of  Uromelanine. 

In  the  following  I  give  a  synopsis  of  the  compounds  of  urome- 
lanine with  bases  which  I  have  produced.  The  numbers  on  the 
left  under  Ur  show  the  number  of  molecules  of  uromelanine,  the 
numbers  under  the  symbol  of  each  base  the  number  of  atoms  of 
each  base  or  metal  contained  in  the  compound.  All  compounds 
obtained  have  been  analysed ;  all  are  here  described,  and  none 
have  been  omitted. 
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Sifnopsis  of  UronulamUa  Produced — 


Silver  Salts, 
Ag  Ag  fotind, 

1  13-38  pev  cent. 
3               18-56       „ 

6  2l)-45       „ 

Barifum  Salt4, 

fi«  Ba  found. 

2  7'20  p«r  cent. 
1                0-05       ,, 

a  1328      ,» 


Caleium  SaU$. 

Cn  C-a  found. 

2  S'03  per  ceut 

3  435      ., 
3  727       .» 


^im  S<UU 


Zn  fautiiL 
2'82  per  cent. 
354       „ 
442       „ 


leadStUL 
Vt  pi.  Pb  foTind. 

3  2  15"7(>  per  cent. 

Normnl  or  Neutral  Uromdanine  Silver,  Ur  :  Ag  ss  1  :  1, — A 
iiLiUtral  ammoDiacal  solution  of  uromelaniue  was  prepared  by 
evaporating  a  dilute  solution  of  the  substance  in  ammonia  water 
to  dryness  on  the  water-batli.  and  extractinj^  the  salt  wbicli  had 
remained  soluhle  from  the  uromelaniue  wliich  had  hecome  in- 
soluble  by  the  loss  of  ammonia  by  means  of  water.  This  dark 
brown  solution  was  precipitated  by  silver  nitrate,  the  precipitate 
contracted  by  heating  in  the  fluid,  washed  by  decantation,  then 
on  the  filter,  and  dried  in  the  steam-closet  The  compound  had 
the  composition  expressed  by  the  formula  C3gH.(jAgN70g ;  it  was 
therefore  Ur  + Ag— H^O,  or  an  atom  of  water  had  left  upon  the 
substitution  of  an  atom  of  hydrogen  by  one  of  silver. 


Th«iiTor«tom«. 

Per  csnta. 

Mean  foan<l 

Cje     .         .     432 

52-55 

52-41 

4-86 

515 

Nj     .        .98 

11-92 

12-47 

0»     .        .144 

... 

... 

Ag     .         .      108 

13-13 

is'ss 

822 

ffalf-Basic  Silver  Uroniehuiatc^  Ur  :  Ag  =  2  :  3. — Uromelanine 
was  dissolved  in  a  minimum  of  ammonia,  and  the  solution 
digested  with  an  excess  of  uromelanine  which  remained  undis- 
solved. The  solution  was  now  boiled  for  a  long  time ;  as  on 
cooling  a  sliglit  deposit  ensued  the  solution  was  fiUered,  Jt  was 
then  precipitated  with  silver  nitrate,  washed  and  dried  at  100° 
to  105^    It  yielded  18*57  per  cent,  of  Ag,  and  contained,  ther^r 


Two-thh^^  Bade  Silver  UromdanaU,  TJr  :  Ag=3  :  5. — Some 
uromelanme  was  dissolved  in  concentrated  ammonia  water,  and 
after  liaving  been  boiled  down  to  one-lmlf  was  precipitated  with 
silver  nitrate,  Tlie  filtrate  and  first  washing  water  were  colour- 
less, but  the  later  wiishings  became  progressively  darker.  These 
dark  liltrates.  however,  contained  no  trace  of  silver.  The  pre- 
paration contained  20' 1  per  cent,  of  Ag.  It  w^as  therefore  clear 
that  the  annnonia  could  not  be  sufficiently  removed  from  a 
nromelainne  solution  by  boiling  down  to  one-half.  A  third  of 
tlie  same  solution  was  treated  with  BaClj,  and  yielded  the 
neutral  baryuni  compound,  as  if  the  solution  had  been  strongly 
alkaline.  A  second  preparation  was  therefore  made  as  follows  v — 
The  uromeknine  was  dissolved  in  ammonia  and  the  solution  was 
evaporated,  not  as  in  the  fii^t  preparation  only  to  one-half,  but 
to  dryness.  The  residue  easily  dissolved  in  water,  leaving  but 
an  insignificant  quantity  of  insoluble  matter  behind.  Tins  cir- 
cumstance pointed  to  the  presence  of  enclosed  alkaline  salt. 
The  filtered  fiuid  was  treated  with  silver  nitrate,  and  the  floccu- 
lent  piecipitate  washed  on  a  filter.  The  first  filtrate  was  colour- 
less, the   subsequent  washings  slightly  coloured.     Its  analysis 


led  to  the  following  data  : — 


Agfi 


0 


»o 


Pcntar^yric  TriuTomelanine, 
Required  in  lOO. 

47-40 
4-53 

1975 
10*75 
17  57 


Atomic  weights. 

.  1,296 
124 
.  540 
.  294 
.     480 


Found  msM. 
46'90 
4-77 
1977 
10'36 
1  s-20 


2,734 


10000 


100-00 


ThU  result  by  the  following  formula  2.734  ^40+5  _,j^^ 

leads  to  the  atomic  weight  of  uromelanine  as  also  determiued  by 
other  analyses.  But  thia  silver  salt  is  the  firmest  basis  for  that 
theory,  as  it  is  very  definite,  and  has  been  analysed  repeatedly 
regarding  its  four  directly  determinable  elements.  The  means 
fouud  correspond  in  a  remarkable  manner  with  the  requirements 
of  theory. 


dissolved  m  excess  of  eooooilraled  amniaiiia,  and  prectpilBted 
bf  BuCI^.      It  was  WEsbed  dming  more  Ibui  m  week  with 
umAj  100  porticms  of  water,  before  it  faecsiBe  ileadjr  and 
filtrates  weie  free  bom  Ba, 


the 


nm7«r>i«>. 

bIMl 

P«mL 

O-    .           2,160 

54-89 

52^ 

hJ  .        .211 

5-36 

5-5 

N_     .        .490 

12-44 

11-88 

0„             .     80O 

*  «  « 

•  •* 

Ba.                  274 

6-96 

7-2 

3.935 

Mm^tral  Buryum  (Tnmtkmait,  Ur  :  Ba  =  2  : 1— A  dflate 
atnngfy  aDcBlme  solutaott  cf  nwwnelaTinie  was  tieated  wUH 
IwrTiim  chloride,  tlie  precipitate  washed  with  water  and  dried. 
A  eeoond  preparatioii  was  made  from  the  aime  spedmen  bj^ 
boQiiig  its  stroQgly  aUcaUne  soliitifHi  down  to  one^hu^  aad  then 
prectpttatii^  it  hj  BaCl^  Daring  washing  the  ooloared 
nltnles  beosme  darker,  and  the  Ba  ceased  to  be  oootained  in 
them,  before  nromdamne.  The  precipitate  was  washed  with 
alooliol,  dried*  and  aittlyaed. 


Tk« 

»7«riMi. 

UIOOl 

Ummtim 

Cp 

.    864 

53-96 

•  *• 

% 

84 

5-34 

•  *« 

K 

.     196 

12-34 

114 

<C 

.     S20 

«  •• 

•  •• 

Bk     . 

.     137 

8^ 

8^ 

1,601 


Trtbmryiie  Tdruurtmdmkims^  Ur  :  Ba  =:  4  :  3. — ^The  imei* 
pitatioa  ct  Urn  btrjnm  salt  has  to  be  effwtod  in  a  aointion 
eowtahring  a  minimani  of  ammoniai  otherwise  the  gebtiaoos 
pfedpitale  lelains  ammonia  lot^sr  than  the  exosss  of  chloride 
of  haiToni,  and  the  alkali  then  deoooiposes  a  small  quantttf  of 
the  eoinbinalion,0o  thai  the  filtrates  which  at  first  aie  colonilefls 
beeome  darker  as  the  washing  proceeds.  The  first  washi]^  ia 
tfaenCore  best  effected  with  water  coDtaining  a  little  dihxide  of 
barjmni,  and  nliimatdy  the  washti^  is  completed  with  aloohoi 
The  oratpoond  coobisIb  of  one  molecnle  of  basic  and  one  mole* 
cole  of  nentral 


UrBa^ 
UrBa 
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{  =  2,932  -  6  =  2,926 
+  3Ba         =    411 

4x  73c 
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Molecular  weight  of  compound  =  3,337 

This  theory  derives  great  support  from  the  constitution  of  a 
calcium  compound  to  be  described  lower  down. 

Hqil/'Add  Calcium  Uromelanate,  Ur  :  Ca=5  :  2. — The  am- 
moniacal  solution  was  made  neutral  by  digesting  it  with  excess 
of  uromelanine,  and  after  filtration  boiUng  it,  and  filtering  again 
from  a  little  deposit  which  had  formed.  tJr  733  x  5  =  3,665  + 
2Ca  =  80  -  4H  =  3,741  requires  213  per  cent.  Ca, found  203 
per  cent  Ca. 

Tricalcic  Tetrauromelanine,  Ur  :  Ca  =  4  :  3. — In  the  pre- 
paration of  this  salt  the  same  precautions  have  to  be  observed 
which  have  already  been  mentioned  under  uromelanine  baryum. 
It  has  to  be  washed  with  water  containing  chloride  of  calcium, 
and  ultimately  the  excess  of  chloride  has  to  be  removed  by 
alcohoL  The  compound  is  exactly  analogous  to  the  tribarytic 
tetrauromelanine,  and  its  formula  is 


Ur 
Ur 
Ur 
Ur 


Ca) 
>  = 


Ca  f  -  (^lu^mC^ffi^,  =  MoL  W.  3,046.* 
Ca) 


Tricalcic  Diuromelanine,  or  Hyperbaric  Calcium  Uromelanate, 
Ur:  Ca=2:3. — The  strongly  alkaline  solution  was  precipi- 
tated with  CaClj  and  dried  at  100^ 

1,466  -  6  +  120  =  1,580,  requires  in  100^  Ca  759,  found 
mean  7*33. 


{J;|cal  =  C,,H^Ca3N,,0^ 


Acid  Zinc  Uromelanate,  or  Monozinc  Triurom^nine,  Ur  : 
Zn=3  : 1. — A  quantity  of  Ur  was  dissolved  in  ammonia  and 
made  neutral  by  boiling  for  IJ  hours.  The  vapour  then  did  not 
give  any  fumes  with  the  HCl  glass  rod.  Sulphate  of  zinc  was 
employed  for  the  precipitation.  Analysis  yielded  2'82  per  cent 
Zn,  which  leads  to  the  following  theory : — 
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3  Ur  -  2H    =  2,197 
IZn  =      66 

1  mol.  of  compound  =  2,262  requiring  287  per  cent  Zn. 


J 


larZuNjaO^^. 


Normal  Zinc   Uromelanaie,  Ur :  Zn  =;  2  :  l.^^me  uroine- 

lanine  was  dissolved  in  concentrated  ammonia,  and  after  ha\dng 
been  boiled  to  dn%^e  oiT  the  excess  of  amonia,  was  precipitated 
with  zinc  sulphate.  The  filtrate  and  firat  washing  water  were 
colourless,  bnt  by  progressive  washing  the  water  became  darker. 
As  these  filtrates  contained  no  zinc,  the  wa^^hing  was  arrested  and 
the  compound  dried.  The  zinc  was  determined  as  oxyde  by 
combustion,  and  found  to  amount  to  442  per  cent,  Zn.  This 
leads  to  the  formula  C^^H^ZnNj/^joM.W.  =  1,529. 

The  solution  employed  in  this  experiment  was  one^third  of  a 
solution,  the  other  third  of  which  yielded  the  second  preparation 
of  normal  or  neutm!  baryum  uronielanate,  which  contained 
8'03  Ba.  The  last  third  of  the  solution  by  treatment  with  silver 
nitrate  yielded  not  a  nornuil  but  a  two-thirdB  basic  silver  salt,  or 
pentargjn-ic  triuromelanine  with  20-11  per  cent,  of  Ag  or  a  trifle 
m  excess  of  the  theory. 

ffalf-Acid  Uromdanate  of  Zinc,  Ur  :  Zn  =  5  :  2. — A  prepara- 
tion was  made  by  adding  ZnSO^  to  a  filtrate  from  uromelanate 
of  ammonia  wliich  during  evaporation  had  lost  ammonia,  and 
deposited  a  portion  of  it^  nromelanine  in  scales.  Another  pre- 
paration was  obtained  by  treating  the  mother-liquors  from 
urochrome  preparation  with  lirae,  ultimately  with  ZnCl^  to 
sefiarate  kreatiniue.  The  kreatiuine  chloride  of  zinc  deposit  waa 
washed,  and  then  dissolved  in  boiling  water,  A  gelatinous 
brown  precipitate  remained  undissolved,  and  was  found  to  be 
uromelanine  zinc  by  analysis.  The  molecular  weight  of  this 
salt  is  2  Zn  -  130  +  5  Ur  -4  11  -  3,G61,  total  =  3,79L  This 
requires  3*42  per  cent.  Zn.     Found  3  54  per  cent. 

It  may  be  considered  as  a  compound  of  two  molecules  of 
neutral  zinc  uromelanate  and  one  molecule  of  uromelanine. 
Thus : 

Uri        \  ^  one  molecule  of  dizincic  penta-uromelanine. 
ffal/'BoMc  Uromdanate  of  Lead,  Ur  ;  Pb  =  3  :  2.— A  solution 
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of  uromelanme  frora  freeh  urine  in  ammonia  was  made,  bo  neutral 
that  some  nromelanine  remained  undissolved.  To  the  clear 
filtrate  neutral  acetate  of  lead  was  added.  The  precipitation  was 
perfect,  the  filtrate  colourless,  The  precipitate  was  washed  until 
the  filtrates  were  free  from  lead. 

Molecular  weight  of  this  compound : — 


3  Ur     -  4  H  +  2  Pb 


=  2,609. 
^  15-86. 
=     15-703. 


M.W. 


733  X  3     -  4       +  414 

rb  reiiuii-ed  in  100 
,,    found        „ 
Ur)p,) 

Ur  J        y—  one  molecule  of  diplunibic  triuromelanine. 
Ur     Phi 


Jlic  Origin  and  Physiological  and  Paihological  Significance  of 
Ur&melanine, 

Uromclaninc  is  not  as  such  contained  in  urine,  but  is  a  pro- 
duct of  the  decomposition  by  putrefaction,  or  the  influence  of 
sulphuric  acid  and  time,  or  sulphuric  acid  and  heat  of  another 
substance  contained  in  it.  This  original  substance  is  urochrome, 
the  colouring  matter.  When  urochrome  splits  up  into  its  con- 
stituents under  the  iulhieuce  of  putrefaction  it  does  not 
immediately  yield  uromelanine,  but  a  less  oxydised  substance  of 
light  yellow  colour,  which  on  exposure  to  oxygen  quickly 
become-s  browa ;  and  during  evaporation  of  the  putrid  urine, 
while  exposed  to  air,  assumes  a  perfectly  black  colour,  and  i^  in 
part  precipitated. 

The  *'  melanine/*  whtcli  some  Prague  observer3  extracted  from 
the  urine  of  patients  suffering  from  melanotic  cancer,  is  nothing 
else  than  the  uromelanine  which  can  be  obtained  from  all  urine. 
But  as  they  assert  to  have  obtained  the  same  substance  from  the 
tumoui's  themselves,  a  remarkable  inquiry  is  opened. 

In  his  analysis  of  the  pigment  of  the  choroidea,  Scherer  had 
found  results  \vhich  it  is  interesting  to  compare  with  those 
yielded  by  uromelanine  : — 


ICelanme  of  the  Eye. 

Ur. 

C    .       .     58-28 

57-21 

H    .       .      5-72 

5-74 

N           .     1377 

13-88 

0    .       .     2203 

.  .  . 

Theory  of  ITr. 
58-93 
5-86 
13'36 


I  yiei 

^^"         The  composition  of  melanine  is,  therefore,  very  eiinilar  to  that 
B  of  Ur.  ae  fouud^  and  more  so  to  that  calculated  from  its  com- 
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Rosow,  however,  at  a  latex  period  found  in  the  pigment  of  iba 
choroidea,  Heiotz  in  pigment  from  mdanotic  tumour- 
Pigment  of  Choroidea,  Melaniiie  of  Tumour. 
C     .        .   540                    C     .        ,    5344 
H    ,         .      5*8                    H    .         .     4*02 
N    .        ,    101                    N    .         .      71 
O    .        .    30-  O    .        .  35-44 
Ash         .     0*6 

As  Kosow  did  not  analyse  a  pure  preparation,  we  cannot^ 
attribute  the  same  value  to  his  analyses  as  to  those  of  Scherer. 

Uromelanine  has  an  atomic  weight  of  733.    There  are  bat 
very  few  organic  substances  which  attain  so  high  a  number  of 
carbon  atoms  as  36,  and  still  fewer  which  combine  with  that 
number,  besides  hydrogen  and  oxygen,  seven  atoms  of  nitrogen. 
Uromelanine  is  a  very  stable  body  com  pared  to  any  compound  J 
of  aim  Oar  atomic  pretensions,  and  combines  readily  in  a  great' 
variety  of  proportions  with  very  difl'ereut  bases*     It^  derivates  of 
a  substitutive  or  otherwise  metamorphic  quality  promise  to  he 
very  great  in  number,  and  invite  the  chtimist  to  attentive  study. 
But   by  far  the   greatest   interest  attaches  to  uromelanine  as 
an   animal   matter,   and  particularly  as  that  animal   product 
which  amongst  all   decomposition   proflucts   of  excretory  sub-, 
stances  of  the  animal  economy  occupies  by  its  atomic  weight] 
and  complicated  constitution  the  liigbest  place.     It  affords  anj 
imperturbable  basis  for  the  opemtiona  which  animal  chemistry 
will  have  to  undertake  in' order  to  determine  the  nature,  com* 
position,  and  atomic  weight  of  the  colouring  matter  of  urine. 
This  latter  must  necessarily  have  a  higher  atomic  weight  than 
733,  and   possess  a  constitution  of   singular  complication  and 
variety  as  regards  the  nuclei  or  radicals  contained  in  it     Tliea ' 
if  our  ideas  about  the  nature  of  excretory  substances  are  correct 
in  their  application  to  uroclirome  no  less  than  to  uric  acid,  we 
are  driven  to  the  assumption  that  as  uric  acid  is  a  derivate  of 
albumen,  so   urochrome  is  a  derivate  of  a  constituent  of  the 
blood  of  much  higher  atomic  complication  than  albumen,  and  80 ' 
such  we  could  claim  only  one  material,  namely,  the  most  charac- 
teristic ingredient  of  the  blood  corpuscles,  or  hcmatocrj^stalline, 
the   crj'staUisable   compound  which   may  be   spUt  up  into  an 
albuminous  body  and  into  hematina      We   thus  may  obtain, 
probably,  a  new  means  of  estimating  the  effects  of  the  febrile 
process  upon  the  organ  of  oxygenation,  the  blood-disk,  or  its 
ally,  the  myochrome  or  red  colouring  matter  of  the   rnusdea. 
But  we   also  obtain   by  a  dir-ect  process  of   reasoning  a  new 
insight   into  the  chemical   processes    of    life    altogether.      If 
uromelanine  ia  of  atomic  weight  733,  its  precursor  urochrome ; 
could  not  be  a  derivate  of  albumen  with  atomic  weight  1,612,  or 
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of  fibrine  with  atomic  weight  2,200,  but  would  have  to  be  derived 
from  a  compound  of  much  higher  chemical  constitution.  This 
could  not  be  hematine^but  solely  hematocrystallioe,  to  which  we 
now  begin  to  attribute  the  inipnrtaDce  of  being  a  chemical  com- 
pound of  about  13,000  atomic  weight.  Hitherto  we  had  been 
taught  that  the  animal  was  not  a  chemical  machine  with  a 
synthetical  tendency.  It  was  believed  to  receive  all  its  materials, 
its  all>uraen.  caseine,  cerebral  substances,  in  a  ready-made  con- 
dition from  the  plant ;  no  doubt  it  organised  them  in  the  shape 
of  tissues,  but  it  was  believed  incapable  of  chemical  synthesis  of 
a  high  order.  We  shall  now  have  to  change  these  views  com- 
pletely*  The  highest  atomic  weight  produced  in  the  plant  is 
about  2,200,  the  highest  atomic  weight  produced  in  the  animal 
is  about  13,000.  The  complication  of  the  material  of  the  most 
developed  chemical  machine  of  the  animal  is  six  times  greater 
than  the  most  complicated  material  produced  in  the  vegetable 
economy. 

(hi  the  Qnxiniity  of  Urovulaniiie  Obtained  by  CJunioli/sis  from 
Narmai  tJriiu, 

Experimeni  \, — ^The  urine  of  a  healthy  man  excreted  during 
24  hours  (10  oVlock  p.m.  of  Nov,  1  to  10  p.m.  of  Nov.  2),  total 
quantity  2270  c.c»,  was  evaporated  rapidly  over  the  free  fii*e  to  a 
bulk  of  oue-fift!i,  or  450  ex,,  and  after  cooling  and  filtering,  5  c.c. 
of  concentrated  sulphuric  acid  were  added.  Tlie  mixture  was 
allowed  to  stand  in  a  wann  place.  Its  colour  became  red,  and 
no  uric  acid  was  deposited.  On  cooling  it  became  turbid  and 
deposited  granules.  These  redissolved  on  warming,  and  thus 
repeatedly,  by  no  means  could  crystals  be  obtained,  and  the 
matter  could  not  be  ^tered,  as  it  penetrated  the  filtering  paper 
to  a  great  extent  It  was  consefjuently  evaporated  on  the  steam- 
bath,  allowed  to  stand  for  four  days,  and  then  30  e.c.  of  sulphuric 
acid  were  added,  and  the  mixture  boiled  in  a  flask  attached  to  a 
condenser.  After  about  60  c.e.  of  distillate  had  been  obtained 
the  mixture  deposited  the  products  of  urochrome.  It  was  now 
diluted  with  its  own  bulk  of  warm  water,  and  22  c  c.  of  HgSO^ 
w^ere  again  added,  and  i^edistillation  commenced.  After  one 
hour's  boiling  another  10  c.c.  of  acid  and  a  large  quantity  of 
water  were  added.  A  considerable  precipitate  formed,  as  on  the 
first  addition  of  water  after  boiling.  On  reheating  a  great  froth 
rose,  which  had  to  be  carefully  man<^ed  until  the  particles 

I  which  formed  it  had  again  coalesced  by  heat  The  froth  became 
more  dangerous  after  every  addition  of  water.  This  fluid  was 
allowed  to  cool  in  a  dilute  state.  Next  day  the  precipitate  was 
collected  on  a  weighed  filter  and  dried.  The  uromelauine, 
uropittine,  and  omicholine  weighed  7165  grammes.     The  filtrate 

i  waa  again    distilled  down  to  the  lowest  point,  and    10  ex. 
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more  acid  added,  A  slight  reaction  easued.  Tlie  addition  of 
the  mixture  to  much  water  produced  no  inmiediate  precipitate ; 
but  on  standing  a  second  deposit  formetl,  which  was  filtered  of!'. 

The  washed  pi^cipitate  as  w^eighed  above  was  extracted  with 
alcohol  and  the  residue  collected  on  a  w^eighed  filter.  The 
uromelauine  olitained  weighed  '4273  grammes. 

It  was  ascertained  during  this  proce^ss  that  there  would  be 
some  uua voidable  loss,  aud  consequently  some  inaccuracy  if 
each  day*8  product  were  treated  separately.  The  products  of  all 
the  following  experiments  were  therefore  first  weighed  by  them- 
selves, and  afterwards  united  to  those  of  the  first,  and  extracted 
together, 

Ej-pcrimtnt  2, — ^Urine  from  10  p,m,  of  November  2  to  same 
hour  of  November  3, 1830  ex.  The  experimental  man  had  taken 
little  Ibod  that  day.  The  urine  was  mixed  with  5  c.c,  of  H^SO^ 
and  fdlowed  to  stand  in  an  open  dish  during  five  days.  Much 
decomposition  took  place,  and  therefore  62  c.c,  more  acid  and  a 
quantity  of  water  w^ere  added,  and  the  mixture  distilled.  This 
was  repeated;  ultimately  water  was  added,  and  the  mixture 
allow^ed  to  stand.  It  was  then  filtered  and  w^ashed.  The 
urochrome  products  weighed  •4504  grammea  A  trace  was  left 
on  the  paper. 

Expcrimmt  3, — Urine  of  November  3  to 
porated,  filtered,  and  5  c.e.  of  HCl  added, 
coloured,   but   deposited   some   urochrome 
H^O^  added  and  boiled  for    three   hours* 
water  and  deposit  collected  on  weighed  fi.lter. 
duct^  =  744  grammes. 

ExjKrimmt  4.^11  rine  of  November  4  to  5.  24  hours  1293 
CO.  Evaporated  5  cc  of  HCl  added,  and  allowed  to  stand 
some  days.  70  c.e.  of  Il2S0^  were  added  and  the  mixture 
boiled.  The  w^aahed  and  dried  preci^'itate  of  urochrome 
products  weighed  'SOou  grammes. 

Ej-pmmcnt  5. — Urine  of  November  5  to  6.  24  hours,  2080 
c.c.  Evaporated,  filtered,  and  after  standing  by  itself  7  days 
decanted  from  crystals  70  c.c.  H^SO^  added  and  distilled. 
Urochrome  products  on  filter  =  '6610  grammea. 

E.q)erimmU  6. — l^rine  of  November  6  to  7»  1160  c,c.  (and 
420  c.c.  lost  with  a  broken  bottle).  Evaporated  and  filtered. 
Boiled  with  33  c.c,  of  Il.^O^  17  c.c.  more  acid  added  to  concen- 
trated Unid,  which  effervesced  with  carbonic  acid  from  the 
de8trt»yed  m*ea.  On  the  addition  of  water  much  precipitate 
ensued,  and  the  fluid  seemed  less  coloured  than  when  much 
acid  was  added.  The  urochrome  pmduct^  weighed  ='3475 
(calculated  addition  for  loas  420  c.c.  of  urine  =  *1 258  grm,  of 
products). 

Esopetiment  7. — November  7  to  8,  1840  c.c.     Had  been  evapo- 


4.  900  c.c.  Eva- 
Eemained    light 

products.  70  c.c. 
I^recipitated  with 
Urochrome  pn*- 
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rated  to  dryness  and  crystallisation,  redissolved  in  little  water, 
and  jBltered  clear;  remained  clear  on  standing  many  days.  34 
c.c.  of  HjSO^  added  and  boiled.  Urochrome  decomposed  appa- 
rently very  easily.  Then  12  c.c.  more  acid  and  a  large  quantity 
of  water  were  added.     Urochrome  products  =  '5870  grm. 

Experiment  8. — November  8  to  9,  1610  c.c.  Evaporated, 
filtered,  35  c.c.  HgSO^  added  and  distilled' for  one  hour;  let 
stand  for  twenty-four  hours;  22  c.c.  HjSO^  and  much  water 
added,  distilled  to  concentration.  Urochrome  products  =  7895 
grm. 

Experiment  9. — November  9  to  10,  1280  c.c.  (and  estimated 
loss  of  400  c.c).  Evaporated,  filtered,  stood  two  weeks,  50  c.c. 
HjSO^  added,  and  boiled  twice.  Urochrome  products  =  '3730 
grm.  Calculated  products  for  loss  400  =  1165  grm.  Total 
excretion  4895  grm. 

Experim^n^  10. — November  10  to  11,  1470  c.c.  evaporated. 
Was  partially  ammoniacal,  40  c.c.  of  H^SO^  added  and  twice 
boiled.  Urochrome  products  =  '4110  grm. 
:  Experiment  11. — November  11  to  12,  1680  c.c.  Evaporated 
and  filtered.  Has  stood  long  and  become  thoroughly  ammo- 
niacal The  urochrome,  however,  did  not  seem  to  be  decom- 
posed yet,  as  on  addition  of  HgSO^  only  frothing  and  no  precipi- 
tate ensued.  Added  50  c.c.  of  acid  and  boiled  for  IJ  hour. 
Total  products  =  2340  grm. 

The  following  is  a  tabular  summary  of  the  above  experi- 
ments : — 


No.  of 
Experiment. 

C.C.  in 
24  Hours. 

Total 
Products. 

Uromelanine. 

Omicho- 
Uropit-    line  and 
tine.    Omicholic 
Acid. 

1 

2270 

•7165 

•4273 

•2892 

2 

1833 

•4504 

•2572 

•1932 

3 

900 

•7440 

•4251 

•3189 

4 

1293 

•5056 

•2888 

•2167 

5 

2080 

•6610 

•3777 

2833 

6 

1580* 

•4733 

•2704 

•2029 

7 

1840 

•6870 

•3364 

•2516 

8 

1610 

•7896 

•4511 

•3384 

9 

1680t 

•4895 

•2797 

•2098 

10 

1470 

•4110 

•2348 

•1762 

11 

1680 

•2340 

•1337 

•1003 

.Total  of  days 

18,236 
1657 

6  0617 

3-4812 

2-6806 

Mean  per  day 

•6610 

•3164 

•2346 

*  Note  to  Experiment  6,  loss  of  420  c.c.  added. 

t  Note  to  Experiment  9,  estimated  loss  of  400  c.c  added. 
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More  than  Lalf  a  grm,  of  urochronie  producta  is  tberefoin 
obtained  from  the  average  daily  urine  of  a  health;  man,  and  of 
these  551  grm,  four  seventh  parts,  ue,,  •3164  gna  are  unome- 
knioe.  the  remaining  '2346  are  uropittine,  omicholine,  and 
opiicholic  acid 


Sptmcd  Idcniijication  af  the  Urotneianitu  Obtained  in  tJum 
£xperimenis. 

The  uromelanine  obtained  aa  above  was  dissolved  in  dilute 

ammonia  and  evaporated  slowly  on  the  water-bath  to  drynesa. 
On  addition  of  water  much  uromelanine  remained  in  the  pseudo- 
crystalline  insoluble  form,  another  portion  dissolved.  This 
solution  was  precipitated  with  silver  nitrate,  and  dried  at  110" 
to  120*  during  two  days  until  constant.  *6564  gnu.  after 
careful  combustion  left  '0'830  grm.  Ag,  or  1264  per  C5ent. 
CjijH^^AgNjOg  requires  13  13  per  cent  Ag.  This  proves  the 
product  to  have  been  very  pure  uromelauiDe. 

Jixpetimtnt  12. — The  whole  amount  of  urine  passed  in 
twenty-four  hours,  amounting  to  2072  c,c,  waa  evaporated 
to  a  syrupy  consistency,  and  then  some  dihite  sulphuric  acid 
added  to  it  After  twenty-four  hours*  standing  the  precipitate 
was  separated,  and  found  to  consist  of  uric  and  hippuric  acid, 
coloured  brown  by  a  little  colouring  matter.  The  filtrate  was 
mixed  with  a  little  more  sulphuric  acid  and  distilled  on  the 
sand-bath.  The  first  portion  of  distillate  had  a  penetrating 
odour,  and  was  yellow  ;  over  night  it  became  darken  The  later 
distillates  were  almost  colourless,  and  remained  unaltered.  The 
fluid  in  the  retort  was  filtered  from  the  formed  deposit,  the 
latter  washed,  tind  extracted  with  alcohol  What  remained 
insoluble,  uromelanine,  was  dried  at  105°,  and  found  to  amount 
to  0*7315  grna.  The  alcoholic  extract,  containing  omicholine, 
omicholic  acid,  and  iiropittine,  after  evapomtion  of  the  alcohol, 
amounted  to  0*3472  grm. 

It  ia  remarkable  that  the  quantity  of  uromelanine  obtained 
from  a  day's  urine  is  about  equal  to  that  of  the  uric  acid  excreted 
on  an  average  under  similar  conditions, 

Uromeianine,  d*c.,  in  a  Case  of  Tropical  Fcper, 

A  gentleman,  a  coffee  planter  fmin  the  south  of  India,  was 
obliged  by  unceasing  attacks  of  fever  to  return  to  England.  He 
arrived  emaciated,  with  a  yellow^  coloured  skin  peculiar  to  the 
subjects  of  tropical  fever.  His  tongue  was  much  furred;  the 
liver  was  so  greatly  enlarged  tliat  the  probability  of  its  containing 
an  abscess  bad  been  suggested.  The  unne  was  of  a  deep  red 
colour,  and  deposited  urates.  The  urine  from  two  days  was 
subjected  to  the  chemolytic  process  described  in  the  foi-egoing. 
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During  boUiug  of  the  products  in  alcohol  a  small  quantity  was 
lost  by  bumpiog,  the  quautitiea  found  by  weight  are  therefore 
only  approximatively  correct. 


Uromelanine  found, 

or  per  24  hours, 
Uropittine  and  omicholine, 

or  per  24  hours, 


0'2915    gramraes. 

014575 

01242 

00621 


The  products  soluble  in  alcohol  stand  therefore  to  the  urome- 
lanine in  the  same  relation  of  quantity  ai^  in  the  healthy  urine» 
The  total  quantity  of  products  was  certainly  less  than  from 
healthy  urine,  although  the  actual  amount  cannot,  owing  to  the 
accidental  loss,  be  accurately  stated. 

This  urine  yielded  no  uric  acid  whatever,  and  the  filtrate  from 
the  uromelanine  was  unusually  dark,  as  if  it  contained  an 
abnormal  colouring  matter  in  solution. 

NoU  on  the  Effect  of  lodim  upon  (he  Mothcr-Liqtwrs  of  t}u 
Chrmolijtic  Frodurts. 

^Vhen  iodine  dissolved  in  iodide  was  added  to  the  acid  liquids 
obtained  as  above,  representing  11  days'  urine,  a  copious  pre- 
cipitate ensued.  The  iodine  was  added  until  no  further  reaction 
ensued.  The  precipitate  was  viscous.  Washed  and  dried  it 
weighed  85  grammes,  being  77  grammes  for  every  single  day. 
This  compound  has  yet  to  be  examined. 


Pammdanine, 

As  in  spectroscopic  analysis  of  inorganic  matters,  light  shoota 
up  here  and  there  for  an  instant,  marking  tlie  presence  of  a 
minute  amount  of  some  matter  or  other,  so  in  general  analysis  a 
few  collateml  producLs  are  met  with,  which  indicate  their  own  ex- 
istence, but  at  the  same  time  a  genetic  coherence  of  the  matters 
under  investigation.  Wliile  uromelanine  preserves  no  remin- 
iscence in  its  optical  characters  of  the  heraatine  to  which  it  has 
such  particidar  similarity  by  its  stability  and  high  atomic  weight, 
there  is  accompanying  it  a  small  amount  of  a  substance,  which,  • 
when  treated  with  sidphuric  acid,  yields  a  spectmm  similar  to 
that  of  cruentine. 

This  body  I  term  paramelanine.  It  was  obtained  in  the  fol- 
lowing manner : — Uromelanine,  after  separation  from  the  products 
soluble  ID  alcohol,  was  dissolved  in  potash  and  reprecipitated 
by  sulplmric  acid.  It  was  washed  with  water,  lastly  with 
alcohol  These  alcoholic  solutions  had  stood  a  long  time  and 
deposited  a  black  matter*    This  was  found  to  have  become  in- 
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soluble  in  ammonia.     Dissolved  in  ooncentiated  sulphuric  acid^ 
it  showed  a  spectrum  with  two  bands, 

F  G  MH' 


A»  B  C 


E  b 


Spectrum  of  Sulpluite  of  Paramelamne. 

The  two  bands  are  therefore  of  the  same  breadth  as  those  of 
cruentine  sulphate,  but  they   are   situated   more   towards   the 
V  iolet.     On  addition  of  water  the  solution  remains  clear,  and  the  i 
dilute  liquor  retains  the  bands.     But  the  ammoniacal  solutiou' 
exhibits  no  bands,  and  thus  differs  greatly  from  that  of  craentine. 

Omieholine  artd  Omichalic  Acid, 

Modt  of  Obtaining, — ^The  resinous  matter  obtained  by  filtration 
from  the  acid  mother-liquor  may  be  dried,  and  extracted  at  once 
\rith  ether  to  obtain  these  substances,  Uromdanine  and  uropit- 
tine  remain  insoluble  in  ether;  uropittine  is  then  extracted  by 
means  of  alcohol.  This  succession  is  probably  preferable  to  the  \ 
one  employed  in  the  following  process : — 

The  mixture  of  substances  which  alcohol  extracts  from  the 
chemolytic  products  of  urochrome  (which  are  insoluble  in  the  acid 
mother-liquor  and  in  water)  is  evaporated  to  a  small  bulk,  and 
then  poured  into  water.  The  precipitate  is  collected  on  a  filter 
and  washed  until  all  traces  of  impurities  have  disappeared  from 
the  filtrates.  The  matter  is  now  allowed  to  dry  spontaneously,  or 
in  vacuo  over  sulphuric  acid  (not  by  heat,  as  the  matter  fuses 
nnd  penetrates  into  or  through  the  paper),  and  then  in  a 
flask  extracted  with  ether.  This  operation  is  very  difficult,  as  the 
matter  cannot  be  powdered;  and  in  the  ether  immediately  settles 
in  the  form  of  smeary  hard  lumps.  However,  after  weeks  of 
continued  extraction  all  resinous  matter  Las  passed  into  the  ether, 
and  a  pulveruleot  matter,  urojnttitic  (perhaps  urorubine),  and 
some  uromelanine,  remain  undissolved.  The  ethereal  solution  is 
of  a  bright  port- wine  red  colour,  and  peculiar,  independently  of 
tlie  etlier,  penetrating  odour.  When  the  ether  is  allowed  to 
evaporate  spontaneously,  or  distilled  off,  a  red  syrup  remains, 
which  may  become  hard,  but  never  shows  any  signs  of  crystal- 
lisation. It  was  this  body  which  I  had  described  as  omicholic 
acid  in  the  Haatitigg  Prize  Essay.  The  following  will  show  that 
it  is  a  mixture  of  two  closely  related  bodies,  which  can,  however, 
be  separated  to  some  extent,  though  imperfectly. 

Mode  of  Stparatiitg  OmicJmliTie  from  Omicholic  Acid, — The 
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resin  is  treated  with  concentrated  liquor  ammonite  and  warmed. 
A  portion  dissoh'es,  while  another  poriiaii  settles  as  a  thick 
brown  oily  liquid.  The  alkaline  solution  is  decanted  and 
allowed  to  stand  when  it  will  deposit  more  of  the  oily  matter. 
(This  portion  is  rejected »  as  hein*;  probably  a  mixture  of  oniicho- 
liue  and  omicholic  acid,  which  it  is  impossible  entirely  to  sepa- 
rate), Wlien  tlie  alkaline  solution  in  a  covered  vessel  does  not 
deposit  any  more  oily  matter,  it  is  considered  free  from  omi- 
choline,  and  to  contain  only  omicholic  acid  dissolved  with  am- 
monia, and  some  uropittiue.     The  deposit  is  omicholine. 

Piirifiadum  of  (htiicholie  Acid. — To  the  waterj^  ammonia  solu- 
tion some  BaCl^Js  given, which  precipitates  mostof  thenropittine, 
and  any  trace  of  uromelanine  which  may  be  present.  (The  haryum 
salt  in  one  case  gave  20  per  cent.  Ba.)  The  titrate  is  acidified  with 
hydrochlonc  acid,  which  precipitates  all  omicholic  acid  as  resin. 
It  is  washed  with  cold  water.  If  no  uropittine  be  discovered  by 
testing,  sulphuric  acid  is  added  to  the  anmionia  solution.  In 
this  case  a  precipitate  ensues,  but  much  omicholic  acid  remains 
in  solution.  On  evaporation  of  the  acid  lic^uid  it  is  deposited 
in  drops.  All  omicholic  acid  is  easily  taken  up  by  ether  from 
the  acid  watery  lii^uid  or  mixture. 

Purification  of  Omieholine.— The  deposited  omicholine  is 
mostly  free  from  umpittine  and  uromelanine,  which  easily 
dissolve  in  the  watery  ammonia ;  but  it  must  he  well  washed 
with  water,  and  a  trace  of  acid,  before  it  is  jjure. 

Ultimate  Furijlcation  of  Omic/ioline  and  Omieholic  Acid. — 
Each  of  these  bodies  is  dissolved  in  absolute  alcohol,  and  to  this 
solution  six  volumes  of  absolute  ether  are  added.  Any  precipitate 
i=*  impurity,  either  uropittiue  or  other  matter,  When  the  mixture 
remains  clear  the  matter  dissolved  in  it,  provided  it  has  been 
treated  as  above  stated,  must  be  considered  as  pure  as  in  the 
l»resent  state  of  our  knowledge  it  can  be  obtained. 

Chemical  Properties  of  Omicholine — It  is  semi-fluid  to  resinous, 
becoming  harder  by  keeping.  It  has  a  red  colour  and  strong 
peculiar  odour.  It  is  little  soluble,  or  insoluble  in  concentrated 
caustic  ammonia,  and  does  not  combine  with  baryum  salts.  It 
is  soluble  in  caustic  potash,  and  again  precipitated  by  sulphuric 
acid.  It  is  a  little  soluble  in  cold  water  on  standing,  a  little  more 
soluble  in  boiling  water,  with  a  yellow  colour ;  the  solution 
becomes  turbid  ou  cooling.  The  cold  watery  solution  becomes 
turbid  on  addition  of  a  little  sulphuric  acid ;  on  heating  it  clears 
up  agaim  The  watery  solution,  hot  or  cold,  gives  a  precipitate 
with  (1)  snlphujic  acid  and  iodine  dissolved  in  iodide ;  (2)  with 
mercury  oxyde  nitrate,  yellow-white ;  (3)  with  the  same  and  sub- 
nitrite  or  nitrite  of  suboxyde,  a  red  reaction  like  tyrosine.  All 
watery  solutions  are  strongly  fluorescent  Silver  nitrate  gives 
no  immediate  precipitate  in  the  liot  saturated  watery  solution, 
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Init  on  standing  a  precipitate  is  formed.  Its  spectral  pheno- 
mena are  moat  remarkable.  The  ether  solution  is  of  a  ruby-red 
colour,  but  fluoresces  green  in  the  cone  of  the  sunlight  In  the 
spectroscope  it  shows  an  absorption  band  in  green.  Near  to  it 
in  gi*een  them  is  a  shading. 
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SiJectrum  of  Omichuiiiie, 

The  red  and  yellow  are  very  brilliant ;  the  rest  of  the  spectrum 
after  green  has  a  violet  hue,  without  any  blue, 

Physiml  and  Chemical  PropertUs   of  Qmicholic  Acid, — This 
acid  is  of  a  red  colour,  reBiuoiis,  fusing  when  heated,  and  giving, 
out  the  aromatic  stmng  odour  reminding  of  castoreum.    It  is  little  < 
soluble  in  water,  more  in  ether,  best  in  absolute  alcohol.     It  dia*  | 
solves  in   concentrated   watery  ammonia,  and  more  easily  in 
caustic  potash*    The  ether  solution,  which  is  ruby-red,  shows  an 
absorption  band  in  green. 
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SpectruiD  of  Omicliolie  A«id, 


The  blue  part  of  the  spectmm  is  coloured  violet,  green  shaded. 
Omicholic  acid  in  chloroform  has  the  same  spectrum  ;  but  as  the 
solution  can  be  obtained  more  concentrated  than  the  ether  solu- 
tion, the  violet  blue,  and  nearly  the  whole  of  the  green  part  of 
the  spectrum  are  cnt  off  entirely  immediately  to  the  right  of  the 
absorption  band.  The  anmiouiacal  solution  of  omicholic  acid 
has  no  bunds  in  the  spectrum,  Omicholic  acid  is  red,  and  fluo- 
resces green  in  the  sunlight  cone,  or  that  of  the  electrical  lamp, 
bnt  its  phenomena  differ  slightly  from  those  of  omicholine. 
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JSlenientary  Composition  of  several  Specimens  of  Omicholine  and 
Omicholic  Add, 


Omi 

choline,  I.   a. 

In  100. 

Quotient  by  At  W. 

Qnotient  by  N  -  1 

c     . 

.    64-67 

5-3891 

23-5 

H     . 

.    1004 

10-0400 

43-9 

N      . 

3-20 

0-2285 

1- 

C      . 

.     2209 

1-3806 

604 

Formula  Cj^H^NO^ . 

Omicholic  Add,  /.  h. 
In  100.  Quot.  by  At.  W.      Quot.  by  N  -  I. 


c     . 

.    63-65 

5-304 

15-92 

H     . 

814 

8140 

24-44 

N     . 

4-67 

0-333 

1- 

0      . 

.    23-54 

1-471 

441 

Formula  CieHj^NO^ . 

Omicholine,  II.  a. 

In  100. 

Qnot  by  At  W. 

Quot  by  N  -  1. 

C      . 

.     69-64 

5-8033 

22- 

H     . 

.     10-14 

10-1400 

88-5 

N     . 

.      3-68 

0-2628 

1- 

0      . 

.     16-54 

10337 

3-9 

Formula  CJi.^0^ . 

Omieholic  Acid,  II.  b. 

In  100. 

Qnot  by  At  W. 

Quut  by  N  -  1. 

C      . 

.     6317 

5-264 

15-08 

H     . 

.       7-58 

7-580 

21-71 

N     . 

4-89 

0-349 

1- 

0      . 

.     24-36 

1-522 

4-36 

Formula  CigHnNO^ . 

Omicholine,  III.  a. 

In  100. 

Quot  byJAt  W. 

Qaot  by  N  -  1. 

c     . 

.    66-20 

5-516 

21-80 

H     . 

8-14 

8140 

.  3217 

N     . 

.      3-55 

0-253 

1- 

0      . 

.     2211 

1-384 

5-46 

Formula  =  CaHj^NO^. 
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Oinichotic  Acid,  TIT.  b, 

(Jnot.  hy  At. 

5-4075 

8-3350 

0-3678 

1-3518 


lu  too. 

64-89 

8-335 

5-15 
21-63 
Formula  C 


W. 


i» 


H«NO. 


Qoot  by  K. 

14-70 

22-66 

1-00 

3-67 


The  prepanition  III.  a  and  III.  b  had  been  boiled  with  sul- 
phuric acid  iu  the  urinary  extract,  while  I.  a,  I.  b,  aud  II.  a,  II.  b,^ 
had  been  obtained  by  the  iuflui>nce  of  sulphuric  acid  upon  ibt 
urine  extract  without  boiling. 


St/nopsis  o/  Fi/rmuiee  oj'  Omicholine  and  Omieholie  Acid  according 
to  Prqwratiotu. 
f    I.  o. 
[     I.  b. 

(    II.  o.  CaH«NO,) 

I   II.  b.  ^'*^^r..*  ]■ 

cm.  a.  C"H3jN0;i 

llll.  6.  C,sH^O,, 


C„H«NO, 


Sjfnt^U  and  Mean  of  Formula  of  Omicholine. 
I.  o.  C, 

II.  a. 
III.  a. 
Mean  formula  of  ^ 
omicholine   .     ) 


Sgnopria  and  Mean  of  Formtdee  ofOiaiekolic  Acid. 

Mean  formula  of  ) 
omicbolic  acid     1 


C^H^NO, 


These  bodies  are  evidently  well-defined  diiferent  entities,  ^- 
though  they  have  not  yet  been  obtained  in  a  pure  state.  They  differ  j 
from  each  other,  but  cannot  yet  perhaps  be  absolutely  sepamted ' 
from  each  other.  On  the  other  hand,  they  have  so  many  proper- 
ties in  common,  that  the  one  may  possibly  be  derived  from  the 
other,  or  that  both  may  have  a  common  origin.  Their  molecular 
weight  has  not  yet  been  determined,  as  no  compound  appeared 
definite  enough  for  that  purpose. 

The  importance  of  these  bodies  in  pathology  may  be  inferred 
from  the  fact  that  they  are  capable  of  forming  in  the  human 
body  in  certain  forms  of  kidney  disease.    The  breath  and  the  i 
exhalation  of  the  skin  in  such  cases  smell  strongly  of  omicholine 
and  omieholie  acid,     Their  nauseous  and  emetic  properties,  al* 
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ready  observed  by  Proust,  may  perhaps  contribute  to  the  ex- 
planation of  that  peculiar  vomiting  which  occurs  in  cases  of 
chronic  kidney  disease,  in  which  dropsy  and  ixdema  have  natu- 
rally,  or  by  the  coBstadt  use  of  the  Turkish  baths,  ceased  to  be 
factors  of  the  pathic  process. 

Those  who  would  study  these  matters  further  should  extract 
the  materials  from  several  thousand  gallons  of  urine  in  order  to 
obtain  quantity  sufficient  for  all  purposes.  The  quantity  of 
omicholine  and  oniicholic  acid  which  can  be  obtained  from  lesser 
quantities  of  urine  is  indeed  not  small  j  but  of  the  mixed  resin 
obtained  so  much  is  lost  in  the  various  processes  of  purification, 
that  what  remains  is  the  lesser  portion,  and  insufficient  for  that 
varied  analysation  and  testing  which  uncrystallisable  and  un- 
combinable  substances  more  than  any  others  require. 

Uropiiiim,  Meiauropittine,  Ufonibbie, 

When  the  mixture  of  substances  obtained  by  chemolysis  with 
sulphuric  acid  from  extract  of  urine  ia  extracted  wnth  ether, 
omicholic  acid,  and  omicholine  pass  into  solution.  Alcohol  next 
extracts  from  the  part  insoluble  in  ether  a  considerable  quantity 
of  what  I  have  termed  uropiUim\  mixed  with  a  small  quantity 
of  matters  very  similar  to  it  in  chemical  properties,  but  differing 
slightly  in  composition,  and  which  may  be  termed  metauropiUine 
and  urombin^,  I  have  not  yet  eOected  a  separation  of  these 
substances,  but  give  in  the  following  the  results  of  some  experi- 
ments in  that  direction,  and  the  results  of  some  analyses  of  the 
free  substance  as  well  as  of  some  of  its  combinations. 

I  have  endeavoured  to  free  uropittine  from  matters  soluble  in 
water  by  pouring  the  concentrated  alcohol  solution  (filtered  from 
some  uromelanine,  which  when  freshly  formed  is  a  little  more 
soluble  in  alcohol  than  after  it  has  been  isolated  for  some  time) 
in  water ;  it  is  thereby  precipitated,  and  the  uropittine  may  be 
collected  on  a  filter  and  washed ;  much  matter,  however,  is  lost 
in  the  mother-liquor, 

I  have  examined  and  analysed  either  in  the  free  or  combined 
state  the  following  preparations : — 

I,  This  specimen  of  uropittine  was  dissolved  in  ammonia  and 
the  alkaline  solution  treated  with  bar}^tic  chloride.  The  ensuing 
precipitate  was  w^ashed  and  dried  at  llO"*.  It  contained  20^21 
per  cent.  Ba. 

A  portion  of  the  ammoniacal  solution  was  evaporated  to  dry- 
ness. Of  the  residue  a  small  part  only  dissolved  in  w^ater,  the 
greater  part  remained  undissolved.  Silver  nitrate  was  added, 
and  the  mixture  boiled.  The  precipitate  was  washed  on  the 
fdter  until  the  filtrates  were  free  from  silver  and  colourless.  The 
dry  compound  contained  21*39  per  cent.  Ag.  and  12-27  per  cent  N. 

II.  This  substance  was  precipitated  by  ether  from  the  solution 
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ill  absolute  alcohol  of  the  mLxed  urinary  resiDS.     It  was  dried 

at  100^  and  did  not  become  soft 

S^niopms  of  Analyses, 

I.                 %               8.                4.  Mean. 

C     .        .     60*30        59  90        .,.           ...  6010 

H    .        .       6-29          7*04       6<6 

N ...       1044      1050  1047 

O    ,        ....              2277 


100  00 

II L  Uropittine  precipitated  by  ether  was  dissolved  in  am- 
monia, and  to  the  solution  some  more  uropittine  was  added  io 
order  to  ensure  its  neutrality;  thereupon  it  was  precipitated  by 
silver  nitrate.  After  having  been  boiled,  a  proceeding  which 
eeenied  necessary  to  cause  the*  immensely  vohiminons  precipitate 
to  contract,  it  was  collected  on  a  filter.  It  appeared  of  a  dark 
green  colour,  while  the  mother-liquor  was  slightly  yellow.  The 
washiog  liquors  were  of  a  darker  colour  than  the  mother-liquor^ 
and  fluoresced  strongly. 

Syn(^9is  of  Analysts, 
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Another  quantity  of  the  same  preparation  precipitated  by 
other  from  the  alcoholic  solution  of  mixed  reBins  was  dissolved 
in  ammonia,  and  precipitated  by  hydrochloric  acid.  It  was  then 
again  dissolved  in  a  few  drops  of  ammonia,  and  the  solution 
made  as  neutral  as  possible  by  digesting  it  with  an  undissolved 
excess  of  uropittine.  The  filtered  solution  was  precipitated  by 
silver  nitrate,  and  the  precipitated  silver  utH>pittate  was  collected 
on  a  tilter  and  washed.  The  mother- liquor  and  the  filtrates  were 
colourless.     The  precipitate  was  dried  at  110''. 
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These  data  sliow  that  the  silver-salt  must  not  be  boiled,  as 
unlike  uromelaDine,  it  is  decomposed  by  heat 

It  was  attempted  to  produce  a  barj^iim  salt  from  a  portian-  of 
this  specimen.  Its  solution  in  ammonia  was  precipitated  by 
baiytic  chloride*  The  niother-liqnor  after  filtration  was  dark  ^ 
coloured,  but  the  washing  water  became  constantly  light er»  until 
it  appeared  only  slightly  yellowisb  at  last.  Althougli  0*5  grm. 
of  nJX)pittioe  bad  been  dissolved,  only  0"1 605  grm,  of  baryum 
salt  were  obtained.  It  contained  7*10  per  cent.  Ba.  Uropittine 
baryum  is  therefore  very  soluble  in  water. 

IV.  It  was  attempted  to  produce  a  neutral  solution  of  this 
preparation  by  evaporation  of  its  ammonia  solution.  The 
addition  of  CaCl^  produced  a  compound  wbich  contained  mean 
1'78  per  cent  Ca  and  12"  16  per  cent  N. 

V,  This  specimen  was  dissolved  in  a  slight  excess  of  ammonia, 
precipitated  by  BaClj,  and  dried  at  110°.  It  contained  21*77 
per  cent  Ba, 

Another  portion  of  the  same  specimen  was  dissolved  in 
ammonia,  and  the  solution  evaporated  to  dryness.  Of  the 
residue  only  a  small  part  dissolved  in  water,  the  rest  remained 
insoluble.  Silver  nitrate  was  added  and  the  niLxture  boiled. 
The  precipitate  was  washed  upon  the  filter  until  the  fi^ltrates 
were  colourless  and  free  from  silver*  Dried  at  110°  the  com- 
pound gave  27*14  per  cent  of  Ag. 

VL  Another  specimen  of  uropittine  had  been  precipitated  by 
ether  from  an  alcoholic  solution.  It  was  dissolved  in  ammonia, 
evaporated  and  precipitated  by  silver  nitrate.  The  washed  pre- 
cipitate, which  had  not  been  heated,  was  dried  in  vacuo  over 
sulphuric  acid,  light  being  carefully  excluded.  It  formed  a 
glistening,  blackish- violet-brown  mass,  and  contained  27*0  per 
cent,  of  Ag, 

VIL  The  uropittine  described  in  the  Hastings  Prize  Eisay 
bad  yielded  on  analysis  the 

EMenn  in  100  part*.  Quot.  by  At.  W. 

C     .         .    55-25  4-604 

I  H     .        .      5-57  5*570 

I  N     .         .    12-10  0864 

I  O     .        ,     2708  1-687 

1 
beii 
Aa 
ftoh 
dric 
tot 


Quot.  by  N=l* 
5-32 
6-44 
1- 
1-952 


Meta  u  ropiii  im. 

This  body  resembles  uropittine  in  composition,  but  differs  by 
being  more  easily  soluble  in  alcohol,  It  does  not  fuse  in  heat 
After  extraction  of  matters  soluble  in  ether  alcohol  easily  dis- 
solved this  matter.  It  was  precipitated  by  water,  washed  and 
dried  at  lOO"*  C,  It  was  much  less  in  quantity  than  urorubine, 
to  be  described  below. 

Mean  of  analyses: — C=54-5;  H=6-25, 
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It  had  been  separated  from  the  luopittine  described  and  ana- 
lysed in  the  Hastings  Prize  Essay.  It  was  easily  soluble  in  cold 
absolute*  alcohol,  and  stood  for  three  months  in  it  to  deposit  body 
lesa  solnble  (Uropittine).  It  had  then  been  precipitated  by  water, 
filtered  and  dried  in  vacua  It  was  very  hygroscopic,  and  after 
drying  at  100°,  when  it  did  not  fuse,  always  gained  from  two  to 
three  milligrammes  under  the  dryer.  After  three  days  of  dxying 
the  last  weighing  was  assumed  as  practically  correct 

Three  combustions  agreeing  well  together  gave  means — 
C=65'27  per  cent;  H=6'86  per  cent;  N= 11*46  per  cent 
The  body  contains  more  carbon  than  either  uiomelanine  or 
uropittineL 

It  is  evident  that  from  these  data  no  formula  or  theory  of 
uropittine  can  be  constructed.  The  body  is  nevertheless  ap- 
parently very  definite,  and  produced  not  in  small  quantity,  as  I 
have  obtained  several  hundred  grammes  of  it  in  the  course  of  my 
opei-ations.  It  is  probably  oxydisable,  and  changes  many  of  ita 
properties  on  keeping.  Thus  it  has  a  distinct  spectrum  (absorp- 
tion in  green)  when  freshly  obtained,  but  on  keeping  loses  all 
specific  absorptioD. 

I  look  upon  these  and  like  analyses  as  merely  tentative.  When 
the  same  process  applied  to  the  same  preparation  yields  the  same 
compound,  thi^  constitutes  a  symptom  in  favour  of  the  supposition 
that  the  compound  is  definite,  it,,  in  atomic  proportions.  By 
producing  a  great  many  such  compounds  under  valuing  condi- 
tions,  those  which  conform  to  atomic  laws  are  easily  found  out 
by  their  repetition^  If  instances  remain  isolated,  their  accidental 
and  non-specific  nature  is  proved.  I  consider  this  proceeding 
one  of  the  few  which  in  the  present  state  of  our  knowledge  of 
these  matters  can  be  applied  for  the  obtaining  of  the  precise  in* 
formation  which  is  so  urgently  required. 


CHAPTER  XIX. 

ACETIC  AND  FORMIC  ACID. 


PRELIMINARY  NOTES. 

Proust  waa  the  first  to  obtain  acetic  acid,  or  as  he 
termed  it  "vinegar,"  by  the  decomposition  of  extract  of 
urine^  It  was  subsequently  again  obtaineii  by  Liebig  from 
putrid  nrine»  and  belie^^ed  by  him  to  be  a  prcKluct  of  decom- 
position of  the  colouring  matters.  He  did  not  obtain  it  from 
fresh  urine,  and  believed  that  the  other  products  of  the  chemo- 
lysis  of  urochrorae,  the  pitchy  resins  first  described  by  Proust, 
could  not  be  obtained  from  fresh  ui-ine,  but  were  products  of 
putrefaction.  In  a  previous  chapter  I  have  enumerated  the  pro- 
ducts of  the  chemolyaia  of  uroehrome,  and  amongst  the  volatile 
products  I  have  stated  the  principal  ones  to  be  acetic,  formic, 
and  small  quantities  of  higher  acids>  Formic  acid  had  been 
repeatedly  found  to  be  an  ingredient  of  human  mine,  but  it  had 
been  declared  an  accidental  product  of  the  intentional  ingestion 
into  the  stomach  of  certain  substances  which  by  decomposition  in 
the  economy  yielded  that  acid.  Moreover,  its  presence  bad  only 
been  assumed  on  the  basis  of  a  few  reactions  which  did  not 
exclude  phenol  (which  yielded  simOar  reactions),  it  had  not  been 
found  to  be  accompanied  by  acetic  acid,  which  made  the  state- 
ment open  to  objection,  and  it  had  never  been  identified  by  its 
cardlned  tests. 

Modes  of  Obtaining  Formic  and  Acetic  Add  from  Urint, 

These  methods  were  first  described  by  me  in  the  Hastings  Prize 
Essay,  and  may  here  be  quoted  : — 

(a.)  From  Fresh  Urine — -The  urine  is  evaporated  over  the  free 
fire  to  one-tenth,  and  filtered  from  the  phosphates,  urates,  and 
gypsum.  It  is  then  slowly  evaporated  on  the  sand-bath  until  a 
pellicle  of  urates  forms.  After  cooling  and  filtering,  it  is  evapo- 
rated on  the  water-bath  to  a  syrup,  and  allowed  to  cool  slowly 
with  the  water-bath,  to  effect  a  good  crystallisation  of  chloride  of 
flcwlium,  urea,  and  other  salts.  The  decanted  syrup,  if  necessary, 
mixed  with  a  little  water,  is  treated  with  calcined  magnesia, 
until  alkaline,  and  until  a  filtered  sample,  treated  with  acetJc 
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acid  and  chloride  of  iron,  does  not  give  any  immediate  precipitate. 
The  extract  is  then  filtered,  put  into  a  capaciouB  beaker^ 
and  mixed  with  concentrated  sulphuric  acid,  added,  drop  by 
drop,  while  the  fluid  is  being  agitated.  A  little  uromelanine 
and  some  gypsnra  are  precipitated  in  flocks.  After  filtration 
the  fluid  is  diluted  with  water,  and  distilled  in  a  capacious 
retort  When  the  fluid  baa  been  reduced  to  one  half,  the 
black  resin  will  be  seen  adhering  to  the  sides  of  the  glass 
and  to  the  platinum,  which  it  is  well  to  put  into  the  retort  to 
prevent  bumping.  The  boiling  is  now  interrupted,  and  the 
fluid  allowed  to  cool  Fluid  and  resin  are  separated  by  decanta- 
tion  or  filtration,  The  particles  of  resin  are  united  by  fusion 
in  hot  water.  They  are  then  washed,  dried,  and  the  resin  is 
extracted  from  the  black  matter  by  solution  in  alcohoL  The 
distillates,  containing  the  volatile  acids,  are  treated  as  stated 
lower  down, 

(6.)  From  Putrid  Urine. — ^Putrid  urine  is  treated  with  a  little 
lime  in  |x>wder»  or  sawdust,  and  filtered.  The  dark  brown  filtrate 
is  evaporated  in  an  open  dish  over  the  free  fira  Although  it 
soon  assumes  a  strongly  acid  reaction,  nothing  but  ammonia 
passes  away*  All  froth  which  rises  during  the  evaporation  is 
carefully  skimmed  off.  When  black  particles  begin  to  appear 
on  the  surface  it  is  allowed  to  cool,  filtered,  put  into  a  retort, 
mixed  with  dilute  sulphuric  acid,  and  distilled.  A  mixture  of 
hydrochloric,  benzoic,  acetic,  and  another  acid  passes  over,  to 
gether  with  a  stinking  matter,  which  deposits  in  flakes  when  the 
distillate  is  left  to  stand.  The  residue  in  the  retort  soon  deposits 
ihe  resin  as  a  soft  tar  on  the  surface  of  the  fluid,  the  sides  of  the 
(vessel,  and  the  platinum,  put  into  the  fluid  for  safe  lx)Uing,  The 
[resin  is  separated  mechanically  and  by  the  filter,  washed,  and 
^ieparated  into  its  constituents  by  alcohol  The  uropittine  and 
uromelanine  thus  obtaiut^d  present  the  same  essential  properties 
as  those  obtained  from  fresh  urine. 

TreairMid  of  the  Distillates. — ^Any  solid  benzoic  acid  (which 
occurs  only  in  distillates  from  putrid  urine,  the  distillates  from 
fresh  urine  have  all  benzoic  acid  in  solution)  is  filtered  off.  The 
fluid  is  then  neutralised  with  powdery  sodium  carbonate  and 
concentrated  on  steam.  Allien  it  becomes  red  and  emits  a 
powerful  aromatic  odour,  it  is  allowed  to  cool  and  extracted  with 
ether  as  long  aa  this  reagent  extracts  any  of  the  essential  volatile 
oil  which  yields  the  tyrosine  reaction  with  mercuric  nitrate  on 
boiling.  The  solution  of  salts  is  then  further  concentrated  to 
near  crystallisation,  and  decomposed  with  an  excess  of  sulphuric 
acid  The  benzoic  acid  coOects  as  a  thick  m^ma  on  the  top  of 
the  fluid,  and  is  filtered  off.  The  liquid  is  mixed  with  water  and 
distilled.  The  distillate  is  now  already  much  purer,  and  is  again 
tralised,  &c.j  and  distilled  once  more.    A  pure  solution  of  acids 
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is  now  obtained  wliich  yields  the  reaction  of  both  formic  and 
acetic  acid,  and  smelia  of  butyric  and  caproic  acid  as  well  Boiled 
with  lead  carbonate  they  peld  lead  salts,  which  crystalliae  some* 
times,  particularly  with  the  help  of  a  little  ether,  at  other  times 
remain  as  a  colourless,  transparent,  thick  and  solid,  yet  somewhat 
viscid  mass.  By  no  means,  however  varied,  could  pure  crystals 
be  obtained  from  the  watery  solution* 

Extraction  of  Admiral  Lead  AcUatt  hy  means  of  Alcohol. — 
The  watery  sohition  of  the  first  deposit  from  water  waa  poured 
into  alcohoi  The  mixture  after  standing  some  days  deposited  a 
large  bulk  of  fine  acicular  crystals.  They  were  isolated  and 
allowed  to  drain  ou  paper.  When  dry  they  contained  (16 1  of 
moisture  and)  water  of  crystallisation,  as  follows : — 

(1.)  2 '5 725  grm.  dried  at  IW,  fused,  and  frothed  up.  and 
smelled  faintly  of  vinegar.  After  many  days*  drjHng  they  lost 
0"4052  grm.  of  aq.,  leaving  2' 1573  grnt  of  dry  salL  Conse- 
quently the  total  loss  was  15*81  per  cent.,  from  which  deduct 
the  theoretical  loss  of  3H^0  =  14*2  per  cent,  leaves  a  slight 
excess  of  moisture,  as  stated 

(2.)  2*1573  grm.  of  the  dry  salt  were  treated  with  IL^SO^,  and 
then  cautiously  heated  to  redness,  acid  being  once  more  added 
dnring  an  interval  of  the  ignition.  There  remained  2' 005  PbSO^, 
while  theory  would  require  201 02.  The  dry  salt  therefore 
contains  6366  per  cent,  of  Pb»  ic.,  the  theoretical  quantity 
required  by  neutral  acetate. 

Extraction  of  ffaif-Bas^k  Lead  Acetate  from  (he  Mixture  of 
Imd  Salts,  (2  (C^H^PbOJ  +  PbO}.— This  salt  has  hitherto 
been  obtained  in  chemical  inquiries  concerning  acetic  acid  ;  (a) 
by  heating  the  neutral  salt  to  280°,  and  keeping  it  at  that  tem- 
perature imtil  the  fused  salt  sets  again;  (h)  by  digesting  the 
watery  solution  of  two  molecules  of  the  neutral  salt  with  one 
molecule  of  powdered  lead  oxide  free  from  carbonic  acid, 
until  solution  has  taken  place,  and  evaporating.  The  salt  has 
an  alkaline  reaction.  In  the  present  research,  however,  this  salt 
was  obtained  as  fallows  :— The  acetic  acid  (containing  fonnic) 
was  treated  with  lead  carbonate  and  boiling  until  saturated,  and 
the  filtrate  evaporated.  At  a  certain  point  it  crystallised  entirely. 
After  resolution  a  small  amount  of  salt  crystallised  first,  and  was 
separated  and  purified  by  recrystallisation.  The  saturated  solu- 
tion was  now  poured  into  a  large  amount  of  alcohol  Crystals 
deposited  over  night  which  were  short  prismatic  needles  of 
glassy  lustre,  and  on  analysis  gave  the  following  results : — At 
190''  they  lost  a  trifling  amount  of  moisture^  and  remained  con- 
stant ;  they  were  couseqneutly  anhydrous. 

(1),  '8698  grm,  on  combustion  left  "654  grm.  of  resi- 
due, being  lead  oxyde  =  434  grm.  equal  to  '4028  PbO,  and 
•22  metallic  lead,  total  Pb  =  -6228  grm,  or  71'60  per  cent     (2), 
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11805grm.  left  -8766  grm.  residue,  being  -5456  PbO»eqiialta 
-5064  Pb,  and  -331  Pb.  total  Pb  =  8374  or  7093  per  cent 

Mean  of  these  analyses  =  7126  per  cent  Pb. 

Beq aired  by  the  above  fonmila  71H7  per  cent, 

Schindler  obtained  a  hydrated  ciystallised  salt  of  this  coi 
pound,  which  contained  two  atoms  of  water.  He  poured  the 
saturated  w^atery  solution  into  an  equal  or  double  amount  of 
alcohol  (strength  not  stated),  when  the  salt  w^as  deposited  in 
pearly  scales*  At  90''  they  lost  2  per  cent  of  water,  fused,  and 
on  cooUng  formed  a  colourless  gum.  This  when  heated  further 
was  transformed  into  a  white  mass,  losing  more  water.  These 
forms  of  pearly  scales,  colourless  gum,  and  w^hite  mass  were  also 
obtained  by  heating  the  solution  of  the  salt  from  urine  on  the 
water-bath  and  letting  stand. 

The  circumstance  that  the  crj^stals  in  the  foregoing  experiment 
were  anhydrous,  admits  of  explanation  by  the  fact  that  a  large 
volume  of  strong  alcohol  w^as  employed  in  their  separation. 
They  moreover  admit  of  no  theory  if  considered  to  have  con* 
tained  any  formiate. 

But  the  third  and  fourth  cr}^fitallisations  were  evident  mixtures 
of  neutral  acetate  and  formiate  ;  the  latter  crystallised  in  little 
opaque  granular  groups,  while  the  acetate  crystallised  in 
brilUant  crystals.  The  third  crystallisation  contained  little^ 
the  fourth  much  formiate.  The  ffth  crystallisation  had  a 
remarkably  homogeneous  appearance,  and  was  analysed. 

(1.)  11230  grm. yielded  M050  grm.  PbSO^  =  67'22  per  centPb. 

(2.)  V29lb  grra.' yielded  1  280  gnu.  PbSO^  -  67'67  per  cent  Pb, 

Mean  =  6744  per  cent  Pk 

In  a  mixture  yielding  the  half-basic  salt,  the  quarter*basic 
could  also  be  formed,  which  requires  76 '95  per  cent  Pb.  But 
the  fact  that  the  third  and  fourth  cr}^8tallisations  contained 
increasing  quantities  of  formiate,  made  it  probable  that  the 
fifth  also  contained  formiate,  although  in  appearance  it  was 
quite  homogeneous.  This  was  indeed  established  by  a  special 
examination,  which  yielded  the  reduction  te^ts,  and  in  one  ex- 
periment with  sulphuric  acid  so  much  carbonic  acid  and  carbonic 
oxyde  was  obtained,  that  the  conclusion  was  unavoidable  that  the 
mixture  of  crystals  contained  at  least  one-half  by  weight  of 
formiate.  In  the  sixth  crystallisation,  which  also  appeared  quite 
uniforrai  the  following  relations  were  found : — 

4-1680  grm.  yielded  41240  PbSO^  equal  to  6774  per 
cent  Pb. 

Consequently  the  lead  had  increased  a  little;  the  salt  con- 
tained a  little  more  formiate,  which  requires  69 '6  per  cent  Pb; 
but  even  at  the  end  no  pure  formiate  could  be  obtained.  The 
last  mother-liquors  contained  small  quantities  of  acid  with  less 
♦^''n  the  proportion  of  lead  in  acetate.    In  short,  in  this  instance 
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the  process  of  fractional  cryatallisation  failed  entirely  in  yielding 
any  pure  product  after  the  preponderance  of  acetate  had  ceased, 
and  even  the  employment  of  alcohol  did  not  effect  that  neat 
separation  of  formiate  (insoluble)  from  acetate  (soluble  in  alcohol) 
which  is  advised  in  handbooks  as  if  it  were  a  fact;  for  the 
acetate  was  found  to  hold  the  formiate  in  solution,  even  in 
alcohol,  or  to  fall  with  it  from  the  more  concentrated  solution. 

Baryuvi  Salts  of  the  Volaiik  Acids  from  Urine.—Uhe  lead 
salts  having  failed  to  afford  the  means  of  a  neat  separation  of  the 
acids,  a  new  quantity  of  the  acids  was  prepared  and  transformed 
into  baryum  salts  by  boiling  with  baryum  carbonate.  The  solu- 
tion was  evaporated,  and  when  in  a  syrupy  state  w^as  put  aside 
for  crystallisation.  Crystalline  crusts  w^ere  slowly  deposited 
and  removed.  These  first  crystals  were  not  analysed,  but  the 
next  crystals  (2d  crystals)  were  perfectly  colourless  and  homo- 
geneous, and  were  analysed 

(1.)  '3258  gTOL  gave  *2992  grm.  BaSO^,  equal  to  53-99  per 
cent  Ba. 

(2.)  -3998  grm.  gave  0*3680  grm*  BaSO^,  equal  to  5412  per 
cent.  Ba. 

Theory  for  acetate,  53*72  per  cent  Ba.     Mean  found.  5405. 
This  cryatallisatiou,  therefore,  consisted  of  pure  acetate.      It 
yielded  all  cardinal  reactions  of  acetic  acid  with  precision,  and 
was  free  from  formic. 

The  mother-liquor  now  was  allowed  to  stand,  and  formed  a 
crust  on  its  surface.  Underneath  that  crust  large  beautiful 
crystals  of  rhomhohedric  shape,  the  obtuse  corners  cut  off  by  a 
hemitropic  (round  principal  axis)  rhombohedron  of  greater 
elongation,  were  formed.  They  were  of  glass-like  lustre  and 
transparency.  Some  were  detached  entire  and  analysed 
separately. 

(1.)  -7712  gnn.  lost  at  llO'*  lOlO  grm.  aq.  or  13'09  per  cent 
From  this  it  might  have  been  supposed  that  the  crystals  were  a 
new  hydrate  of  baryum  acetate,  of  the  formula  C^H^BaO^  +  H^O, 
At  W.  291,  requiring  12  37  per  cent  of  aq,,  but 

(2.)  The  -6702  of  dry  salt  yielded  '6362  gnu,  BaSO^  equal  to 
'3736  Ba  or  55*74  per  cent.  The  theory  of  the  acetate  requires 
5372  per  cent.  The  dihydrated  baryum  acetate  should  by  direct 
combustion,  without  previous  drying,  yield  47'07  per  cent»  Ba, 
but 

(3.)  '7878  grm.  (which  frothed  up  on  heating  suddenly)  left 
•66  BaSO^  equal  to  49-25  per  cent.  Ba. 

The  crystals  therefore  contain,  both  in  the  anhydrous  and 
dihydrated  state,  2  per  cent  Ba  more  than  corresponds  to 
acetate.  The  ordinary  monohydrate  of  bar)^um  acetate, 
C^H^BaO^  +  HjO,  contains  659  per  cent,  aq.,  and  50-18  per 
c«nt  Ba,     It  was  therefore  probable  that  these  crystals  were 
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not  acetate,  or  not  acetate  only,  and  on  examinatioB  it  was  fouDd 
that  they  contained  a  considerable  amount  of  fonniate*  The 
amount  can  be  appreciated  by  putting  the  figures  for  Ba  in 
acetate,  crystals  and  formiate  aide  by  side. 


Aoetatu  reqmreft 
Ba  5372  per  cent. 


Ba  5574  per  cent 


Formiate  reciuirBS 
Ba  60'35  per  cent. 


The  cr}^stala  coireBpond  to  a  mixture  of  uiue  molecules  of  acetate 
with  four  of  formiate,  which  requires  55*76  per  cent  Ba,  The 
form  and  stoechiometric  relation  of  the  water  are  probably  an 
imitation  of  a  new  baryum  acetate  dihydrate.  Thfy  shmv  thai 
baryum  aretaU  and  harywm  fonmaU  ttre  uamorph^is,  €md  cannot 
be  sepamted  frmti  eadt  other  by  crydaUimtiim  in  mixtures  in 
whw^  the  almji^  of  formiate  Hh  to  more  than  one-third  of  th4 
nmmmt  of  the  ncetate.  The  same  was  of  course  the  case  with  the 
lead  salts.  Neither  by  distillation,  nor  by  crystal Ii,sation  of  lead 
salts  with  and  without  alcohol,  nor  by  crystallisation  of  baryum 
salts,  have  I  as  yet  obtiiined  any  pin-e  formiate,  although  thia 
salt  is  present  in  large  ijuantity ;  but  of  the  prevalent  acetates 
pure  crystallisiations  were  obtained.  I  am  therefore  unable  to 
determine  directly  the  actual  amount  of  formiat^s  obtained  as 
conn>ared  to  acetates,  but  indirectly  such  determination  may  of 
course  hereafter  be  made  by  destroying  the  formic  acid  and 
distilling  the  remainintr  acetic*  I  estimate  that  upon  live  parts 
of  acetic  acid  the  urine  yielded  one  part  of  formic. 

De^ermtwo/MW  of  iht  Acetie  and  Formic  Acid  containtd  in  th$ 
DmUy  Urine  of  a  Man, 

The  total  urine  from  eleven  successive  days  of  a  healthy 
man  was  coDcentrated  and  distilled  with  H^SO^.  A 
quantity  of  acid  distillate  was  obtained,  neutralised  with 
sodium  carbonate  and  evaporated.  The  concentrated  solu- 
tion was  again  decomposed  with  H-SO^,  and  the  benzoic  acid 
separated.  The  liquid  was  again  distilled  and  the  distillate  boiled 
with  lead  carbonate.  A  quantity  of  salt  was  obtained  which 
refused  to  crystallise*  lust  acetic  acid  during  evaporation,  and 
became  at  last  partially  insoluble  in  water.  From  a  portion 
dibasic  acetate  cr}'atalliscd.  The  whole  w^as  decomposed  and  the 
amount  of  lead  determined  as  sulphate.  This  weighed  8-007 
grm,,  corresponding  to  547  grra.  of  metallic  Pb*  This  corre- 
sponds to  8 -59  grm.  of  lead  acetate  from  urine  of  eleven  days, 
equal  to  an  excretion  of  3'12  grm.  in  eleven  days,  or  0  288  grm. 
per  day.  I  abstain  from  correcting  the  data  for  formic  acid  on 
account  of  what  has  been  stated  j  its  daily  amount  may  be 
roughly  estimated  at  005  gnn. 
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On  the  Cmidithm  in  which  Acetic  and  Formic  Acid  may  he 
eontaincd  in  Urine, 

As  tlieae  acids  can  only  be  obtained  from  urine  by 
processes  and  agents  wliich  effect  evident  decompositions, 
such  as  those  of  urocbrome,  it  is  fair  to  allow  that  the 
volatile  acids  also  may,  like  benzoic  acid,  be  products  of  the 
cleavage  of  more  complicated  substances.  But  it  is  impossible 
at  present  to  say  what  the  substances  are,  and  whether  the  acids 
are  not  simply  present  in  combination  with  some  base  or  other. 
The  latter  view  might  indeed  be  held  if  the  relative  significance 
could  be  attributed  to  the  following  reaction  of  urine,  which  I 
observed  several  years  ago,  and  inquired  into  at  some  length. 

Fresh  urine  is  treated  with  some  milk  of  lime  and  filtered ; 
it  is  then  treated  with  feiric  chloride  as  long  as  a  precipitate  is 
thereby  produced,  and  a  slight  excess  of  ferric  chloride  is  added. 
The  filtrate  from  the  ferric  precipitate  will  be  found  to  have  a 
deep  red  colour,  eimilar  to  that  which  ferric  salts  produce  in  for- 
miates,  acetates,  benzoates,  succinates,  sulphocyanides,  and  other 
salts.  The  reaction  has  lately  been  ascribed  to  sulpho cyanide, 
but  for  this  I  have  sought  without  success.  I  find  now  that  it 
JB  yielded  also  by  kiyptophanates-  Kow  the  urine  contains  am- 
monia, w*hich  would  form  with  ferric  chloride  some  basic  salt, 
and  this  also  might  produce  the  reaction ;  the  distillate  from  fresh 
urine,  indeed,  shows  the  reaction  beautifully  with  a  drop  of 
ferric  chloride.  It  is  therefore  quite  impossible  at  present  to 
say  whether  this  reaction  is  due  to  any  organic  acid,  much  less 
to  w^hich  of  those  which  are  now^  all  (succinic  acid  is  also  alleged 
by  Meissner  to  be  constantly  present  in  urine)  shown  to  be  con- 
tained in  uriue. 

When  urine  or  its  extract  is  mixed  with  a  moderate  quantity 
of  sulphuric  acid  and  boiled  a  veiy  peculiar  state  of  things  en- 
sues, w^hich  is  not  generally  understood.  The  ingredients  are 
not  in  the  presence  of  sulphuric  acid,  as  it  w^ere,  at  all,  but  in 
that  of  a  very  slight  chemolytic  influence  only,  a  kind  of  contact 
action.  The  sulphuric  acid  is  at  once  enveloped  by  the  attrac- 
tion of  urea,  and  as  long  as  urea  is  present  no  sulphate  is  formed, 
except  that  of  ammonia,  even  on  bailing.  Although  some 
hippuric  acid  is  decomposed  in  the  extract  of  urine,  and  benzoic 
acid  is  given  out,  yet  much  hippuric  acid  remains  in  solution 
unchanged,  and  crystallises  after  the  extmct  has  been  boiled  for 
hours.  If  the  hippuric  acid  had  been  in  presence  of  free  sul- 
phuric or  hydrochloric  acid  it  must  have  been  decomposed  en- 
tirely by  half  an  hour's  boiling.  To  the  same  preserving  influ- 
ence of  urea  is  due  the  fact  that  in  the  distillates  obtained 
iluring  the  decomposition  of  urochrome  according  to  my  method, 
which  yields  the  acetic  and  formic  acid,  no  hi/drochloric  add  is 
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evtr  faund.  Such  acid  is  only  evolved  by  the  additioa  of  a 
great  excess  of  sulphuric  acid  to  extract  of  urine,  and  its  effect 
and  advent  are  unmistakably  evident  in  the  fluid,  ?%«  mixture 
becomes  black,  and  loses  entirely  its  previously  red  colour.  It 
deposits  black  charred  matter,  which  diflers  greatly  from 
urometaniue  and  the  resinous  urochrome  products.  From  such 
charred  urine  no  uromelanine  and  no  pure  products  of  any  kind 
can  be  obtained.  Now  these  particular  conditions,  more  than  any- 
thing  else,  incline  me  to  the  opinion  that  the  acetic  and  formic 
acid  are  products  of  chemolysis  of  higher  organic  bodies,  and  not 
merely  acids  set  free  from  salts  by  sulphuric  acids.  They  escape 
simultaneously  with  the  carbonic  acid  gas  which  is  evolved  from 
the  urea,  and  cause  a  continuous  slight  effervescence  in  the 
tluid.  The  sulphuric  acid  does  not  decompose  the  kr^^tophanic 
acid  in  the  extract  any  more  than  the  hippuric,  i.e.,  only  a  por- 
tion of  it,  and  that  certainly  a  small  ona  But  when  free  hydro- 
chloric acid  appears  the  kryptaphanic  acid  disappears,  formingp. 
in  fact,  the  great  bulk  of  the  black  matters  in  which  such  do- 1 
composing  extract  of  urine  abounds.  These  peculiar  reaction^l 
must  be  caitefully  borne  in  mind  by  every  one  who  woulii'i 
successfully  study  or  comprehend  these  decompositions. 


CHAPTER   XX. 

KRYPTOPHAKIC  ACID,  C,H,NO,. 


INTRODUCTION. 

This  acid  was  discovered  and  first  described  by  me  in  the 
Appendix  to  the  '*  Twelfth  Report  of  the  Medical  Officer  of  the 
Privy  Council,*'  1869,  p.  280,  and  ''  Journal  of  the  Chemical 
Society,"  23  (1870),  116.  It  is  tlie  priocipal  one  of  the  bodies 
which  constitute  the  complexity  of  matters  formerly  called  **  ex- 
tractives ;*'  and  which,  as  I  have  found,  can  be  almost  completely 
removed  from  urine  by  precipitation  with  ferric  chloride.  For 
a  short  notice  of  former  researches  on  the  free  acid  and  the 
extractive  matters  of  the  urine,  see  paragraph  19,  p.  292  of  the 
Appendix  quoted  above.  All  these  attempts,  without  exception, 
remained  without  a  single  tangible  result  as  far  as  the  extractive 
acids  are  concerned. 

Mode  of  Imlaiittg  Kryptophanic  A  cul  from  fresh  Human  Urine 
hj  Lime  and  Alcohol. 

The  urine  is  made  alkaline  by  means  of  milk  of  lime,  filtered 
and  evaporated.  After  a  while  gj^sum  is  deposited  and  is 
removed  by  filtration.  The  filtrate  is  subsequently  acidified 
with  acetic  acid  and  evaporated  to  crystallisation,  whereby  a 
cake  of  salt  is  deposited.  After  being  allowed  to  stand  for  some 
time  the  mother-Uquor  (which  now  forms  a  s}TUp)  is  filtered 
from  this  salt  cake,  and  is  now  ready  for  treatment  with  alcohol 

One  volume  of  this  syrup  is  mixed  with  four  volumes  of  95 
per  cent  alcohol,  or  with  five  volumes  of  90  per  cent,  alcohol, 
and  shaken  in  a  stoppered  bottle,  whereupon  a  voluminouSj  flaky, 
adhesive  precipitate  is  formed,  and  speedily  settles  down  to  the 
bottom  of  the  fluid.  The  liquor  is  decanted  off,  the  precipitate 
shaken  with  some  fresh  strong  alcohol,  and  the  alcohol  again 
decanted.  The  bottle  and  precipitate  are  now  slightly  warmed, 
when  the  latter  gives  out  much  alcohol  The  precipitate, 
which  consists  mainly  of  impure  kryptophanate  of  calcium,  is 
next  dissolved  in  a  small  quantity  of  water,  and  the  solution 
filtered  through  a  calico  bag,  with  the  aid  of  pressure.    (It  is 
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inconvenient  to  employ  a  paper  filter,  inasmuch  as  the  insolable 
impiiritied  have  a  great  tendency  to  clog  the  filter.)  The  solu- 
tion is  again  precipitated  by  means  of  strong  alcohol,  and  the 
precipitate  is  collected  in  a  calico  bag  and  freed  from  alcohol  by 
pressure.  It  is  now  devoid  of  the  soluble  urinary  ingredients, 
and  by  repeating  the  solution  in  water  and  precipitation  by 
alcohol  several  times,  almost  pure  kryptophanate  may  be 
obtained.  But  it  is  preferable  to  adopt  one  or  otlier  of  the  fol- 
lowing proceases  of  purification : — 

Pur^fieatwn  ty  Le^xd  Acetate  Process, 

The  crude  calcium  and  sodium  salts  just  described  are  dis- 
solved in  water,  and  then  mixed  with  a  large  excess  of  nearly 
saturated  aqueoas  solution  of  lead  acetata  The  mixture  ia 
shiiktiu  in  a  stoppered  bottle  and  then  filtered  The  filtrate  runs 
through  nearly  or  entirely  colourless,  while  the  precipitate 
which  remains  on  the  filter  is  dark  coloured  and  volaniinooa 
It  is  wQsbed  with  the  solution  of  lead  acetate,  and  the  washings 
are  added  to  the  rest  of  the  filtrate. 

To  the  filtrate,  which  consists  of  lead  kr)^tophanate  dissolved 
in  lead  acetate,  a  quantity  of  alcohol  of  95  per  cent  is  next 
added.  About  one  volume  of  filtrate  is  taken  to  five  or  six 
volumes  of  alcohol.  By  this  addition  of  alcohol  to  the  lead 
solution,  theitj  is  determined  an  abundant  precipitation  of  per- 
fectly white  lead  kryptophanate.  This  precipitate  is  separated 
from  the  mother-liquor  by  filtration,  and  is  washed  successively 
with  alcohol,  water,  alcohol,  and  lastly  with  ether.  Finally  it  is 
dried  in  vacuo,  during  which  process  it  assumes  a  slightly  yel- 
lowish colour  on  the  surface.  The  precipitate  may  also  simply 
be  washed  with  water,  to  remove  lead  acetate,  the  basic  krypto- 
phanate being  also  insoluble  in  water  as  well  as  in  alcohol.  By 
decomposition  with  the  exact  amount  of  sulphuric  acid  required, 
the  free  acid  is  obtained,  and  best  transformed  into  baryum  salt 
by  baryta  water  in  excess  and  a  current  of  carbonic  acid.  The 
baiyuni  salt  is  precipitated  by  alcohol,  i-edissolved  in  water,  and 
again  treated  with  lead  acetate  in  excesa  The  filtrate  with 
alcohol  yields  pure  white  krj^tophanate. 

Purification  by  Copper  Acetate* 

To  the  solution  of  crude  kiyptophanates  an  excess  of  copper- 
acetate  is  added,  whereupon  a  voluminous  dirty-green  precipitate 
is  thrown  down,  and  a  greeuish-blue  solution  is  produced  The 
precipitate  having  been  removed  by  filtxatioo,  five  or  six  volumes 
nf  95  per  cent  alcohol  are  added  to  the  filtrate,  and  cause  the 
production  of  a  voluminous  greenish-blue  flaky  precipitate  of 
c  '^tophanate.      This  is  filtered,  washed  with  alcohol. 
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and  iJried  in  vacuo  over  H^SO^.  In  order  to  get  tbe  copper  salt 
free  from  lime  and  soda  salts,  it  is  essential  to  employ  such  an 
exeeds  of  copper  acetate  as  will  leave  the  mother-liquor  blue 
after  all  the  pi-ecipitate  has  been  separated  from  it.  Prior  to 
the  dryntig  of  the  precipitate  the  copper  kryptophanate  is 
soluble  in  water ;  subsequently  to  the  drying  it  is  insoluble  in 
water. 

From  the  copper  salt  the  free  kryptophanic  acid  may  be 
obtained  by  decomposing  with  sulphuretted  hydrogen. 

From  the  lead  salt  the  acid  is  beet  prepared  by  the  employ- 
ment  of  dilute  sulphuric  acid. 

Mode  of  Obtaining  Kryptophanic  Acid  from  Urinary  Esctracig 
afi^  the  Rtmiotal  of  all  Products  of  Decomposition  hy 
S'tdphuri^^  Add, 

Extract  of  urine  is  decomposed  in  the  manner  described  for 
the  isolation  of  acetic  and  formic  acid  (pp.  247  and  248),  To 
the  filtrate  from  the  mixed  resinous  matters,  which  of  course 
contains  a  large  quantity  of  ammonium  sulphate,  an  excess  of 
milk  of  lime  is  added.  It  is  tiUered  through  a  cloth  and  boiled 
to  drive  out  all  ammonia.  It  is  then  acidiiied  with  acetic  acid, 
evaporated  to  crj^stallisation,  and  tiltei^d.  and  to  the  filtmte 
alcohol  is  added,  and  the  subsequent  stages  of  the  process  are  the 
&ame  as  has  already  been  described.  The  precipitate  contains 
much  more  potassium  chloride  than  that  from  fresh  urine,  and 
requires  special  care  to  be  purified  from  this  by  one  or  other  of 
the  above  processes.  It  also  contaiim  iron,  which  follows  the 
acid  into  nearly  all  its  preparations.  This  is  best  removed  by 
adding  to  the  solution,  freed  from  calcium  by  ammonia  and 
anmionium  carbonate,  a  sufficient  amount  of  ammonium  sulphide, 
and  filtering  immediately.  By  evaporation  the  alkali  and  sul- 
phide are  removed,  and  the  solution  of  the  ammonium-salt  is 
ready  for  the  application  of  lead-acetate. 

Mode  of  Obtaining  Krypt^yphanic  Acid  fi^oni  Urine  without  the 
intervention  of  Heat. 

The  dilute  free  acid  and  its  acid  salts  are  little  affected  by  heat 
and  air,  but  the  neutral  and  alkaline  solutions  (especially  when 
they  are  impure)  Ijeconie  dark  under  the  influence  of  these 
agents.  It  is  therefore  desirable  to  be  in  possession  of  a  method 
of  extraction  which  shall  not  involve  exposure  to  the  action 
of  heat  In  the  following  process  these  objections  are 
avoided : — 

The  filtered  fresh  urine  is  treated  with  lead  acetate  as  long  as 
this  reagent  gives  a  precipitate.  Experience  shows  that  to 
every  litre  of  the  fresh  urine  of  healthy  men,  about  40  c,a 
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of  an  aqueous  solation  of  lead  aoefcate  aaluniled  at  95''  C. 
may  be  added,  aad  that  the  precipitate  will  consist  mainly  of 
phosphate  and  sulphate  of  lead,  there  being  only  traces  of  oiganie 
loatter  io  the  precipitate*  (From  a  litre  of  average  urine  6"2 
grm.  of  mixed  lead  salts  were  obtained.)  To  tlie  filtrate  a  little 
ammonia  is  added  and  a  little  acetate  of  lead,  so  as  to  obt&iii  a 
copious  precipitate*  This  precipitate  is  collected  in  a  calico  ba|^ 
pressed,  washed  with  water,  prised  again,  and  then  deoompOMd 
with  sulphuric  acid  in  slight  excess.  It  is  yellow,  and  gives  a 
spectrum  with  a  broad  absorption  band  at  the  beginning 
of  blue.  The  filti-ate  is  treated  with  baryum  carbonate  and  a 
little  baryta  water.  The  soUuiou  of  baryum  kryptophaoate 
is  now  mixed  with  five  volumes  of  nearly  absolute  alcohol, 
whereupon  the  kryptophanate  is  precipitated,  the  urochmme 
lemaining  in  solution.  The  baryum  kryptophanate  is  dissolved 
in  water,  and  again  precipitated  with  lead  acetate ;  the  precipitate, 
after  filtration,  is  digested  with  a  sufficiency  of  saturated  solution 
of  lead  acetate  and  the  solution  filtered.  The  filtrate  is  treated 
with  five  volumes  of  nearly  absolute  alcohol,  whereupon  lead 
kryptophanate  falls  down  in  white  flakes,  which  should  be  washed 
with  alcohol,  a  little  water,  alcohol  again,  lastly  with  ether,  and 
dried  in  vacuo. 

Chemical  Properties  of  Kryptophank  Acid. 

It  is  a  transparent,  amorphous,  gunmiy  solid,  very  nearly  or 
perhaps  entirely  colourless.  It  is  soluble  in  water  in  all  pro- 
portions. It  is  less  soluble  in  alcohol,  and  still  less  so  in  ether. 
It  has  a  freely  acid  taste,  and  decomposes  alkaline  and  earthy 
carbonates  with  effervescence,  forming  solutions  of  the  corre- 
sponding salts. 

The  aqueous  solution  of  the  free  acid  is  precipitated  by  lead 
acetate,  which  gives  a  copious  thick  white  precipitate.  It  is 
precipitated  by  mercury  acetate,  also  by  silver  nitrate,  the  pre- 
cipitate in  the  latter  case  being  slight. 

Mercuric  chloride  (corrosive  sublimate)  does  not  precipitate  the 
free  acid.     Copper  acetate  likewise  gives  no  precipitatei 

The  lead  precipitate  is  redissolved  by  excess  of  lead 
acetate. 

Solutions  iu  water  of  the  alkaline  and  earthy  salts  of  kryto* 
phanic  acid  are  precipitated  by  excess  of  strong  alcohol  These 
precipitates  darken  a  little  on  being  heated  and  fuse,  but  ulti- 
mately become  dry  and  brittle  and  admit  of  being  powdered,  in 
which  state  they  are  endowed  with  great  stability. 

Boiled  with  a  gi-eat  excess  of  alkaline  copper  solution  they 
reduce  it  to  suboxide,  which  at  first  is  in  solution,  but  sub- 
sequently if  the  air  be  excluded  is  deposited  on  further  contrac- 
tion.    The  alkaline  solution  fluoresces  blue.     The  aqueous  solu- 
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tioua  of  the  alkaline  and  earthy  kryptophtnatea  are  precipitated 

by- 

Lead  acetate,  which  throws  down  a  copious  white  precipitate 
soluble  in  excess  of  the  acetate* 

Mercury  acetate,  which  gives  a  white  precipitate. 

Mercury  nitrate,  which  gives  a  voluminous  white  precipitate. 

Silver  nitrate,  which  gives  a  white  voluminous  precipitate. 

The  circunistauce  of  kryptophanic  acid  giving  a  precipitate 
with  mercury  nitrate  affects  the  common  urea  determination  by 
Liebig'a  method.  Probably  an  error  of  from  5  to  10  per  cent,  on 
the  urea  is  occasioned  by  the  kryptophanic  acid  present  in  the 
urine. 

Iodine  dissolved  by  an  iodide,  on  being  added  to  a  solution  of 
kryptophanic  acid  or  of  a  kryptophanate,  produces  immediately 
a  precipitate  of  an  iodo-kryptophanic  acid  wherein  one  or  more 
atoms  of  hydrogen  have  been  replaced  by  iodine.  The  liquid 
contains  hydriodic  acid. 

If  the  solution  of  the  kryptophanic  acid  he  too  dilute,  there  is 
no  precipitate,  but  only  a  change  of  colour  indicative  of  reaction. 
Thus,  on  the  addition  of  tincture  of  iodine  to  frash  urine  there  is 
first  of  all  a  precipitate  of  iodine,  just  as  if  the  tincture  had  been 
poured  into  water,  but  very  soon  the  iodine  is  redisaolved,  being 
consumed  iu  attacking  the  kryptophanic  acid.  Some  few  years 
ago  a  lively  discussion  took  place  in  France  relative  to  this  sub- 
ject. 

Bromine  added  to  kr}'^tophanic  acid  or  to  its  salts  dissolved 
in  water  produces  immediately  a  fawn  or  light-hrown  precipitate, 
being  a  brominated  acid  analogous  to  the  iodine  compound  juat 
referred  to. 

The  kryptophanates  on  being  heated  emit  acid  fimies,  but 
no  urinary  smell  like  that  given  out  on  heating  omicholine  is 
emitted.  A  residue  of  charcoal  is  left  which  is  rather  difficult 
to  bum, 

Kryptophanic  acid  prevents  the  precipitation  of  ferric  oxyde 
in  alkaline  solutioiia  Like  oxalic  acid  it  holds  in  solution 
Prussian  blue  in  presence  of  free  hydrochloric  acid. 

An  ammoniacal  solution  of  silver  nitrate  becomes  immediately 
very  dark  on  the  addition  of  ammonium  kryjitophanate.  On 
heating  it  becomes  black  (red  on  dilution),  and  deposits  metallic 
silver  as  a  black  powder. 

Nitrate  of  silver  and  excess  of  nitric  acid,  added  to  a  solution 
of  kryptophanic  acid  containing  urea  (to  urine  with  Uttle  uro- 
chrome  and  much  kryptophanic  acid,  such  as  is  discharged  in 
certain  conditions  of  the  brain,  intermittent  spasmodic  disease)  is 
reduced  on  standing,  and  the  glass  is  covered  wuth  a  silver 
mirror. 
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Absorption  6/  Oxygen  hf  crude  Kryptophomic  Add  in  AOealim 

Solulum, 

A  quantity  of  crude  kr}^topbanate  of  calcium  was  dissolved 
in  20  C.C.  of  water,  and  euclosed  over  mercury  with  47  c.c,  of  air, 
and  14  cc.  of  strong  solution  of  caustic  potash  added.  After 
the  lapse  of  three  weeks  the  47  c.c,  of  aii  had  diminished  to  3S 
C.C.,  80  that  9  ex.  of  oxygen  had  been  absorbed,  equal  to  191 
per  cent,  of  the  air  employed 

When  highly  purified,  neither  kryptoph&nic  acid  nor  its 
baryta  salt  with  excesa  of  baryta  absorb  pure  oxygen  enclosed 
with  it  over  mercury. 

Krfjpiophanate  of  Lead,  C^^H^PhNOj. 

The  crude  kr)T>tophanate  of  calcium  which  has  been  already 
described,  was  mixed  with  excess  of  a  satm'ated  solution  of  lead 
acetate,  and  filtered  from  the  precipitate.  The  filtrate  was 
mixed  with  5  vob.  of  115  per  cent,  alcohol ;  the  precipitate  of 
kryptopbanate,  a  wliito  flaky  mass  thereby  produced,  was  washed 
with  alcohol,  water,  and  again  with  alcohol,  and  lastly  with  ether. 
It  was  then  dried  in  vacuo  over  H^SO^.  During  the  washing  and 
drying  it  darkened  a  little  in  colour,  and  ultimately  became  pala 
yellow.     When  quite  dry  it  was  found  to  have  shrunk  very  much. 

Analysis  (dried  in  vacuo) : — 

(1.)  0-3996  grm,  with  II^SO^  and  ignited,  pelded  0'3104  grm. 
PbSO^,  equal  to  5:]07  per  cent,  of  Pb.  The  formulae  C^HyPhNOj 
-hAq.  requires  Pb  per  cent.— 53*62, 

The  salt  further  dried  at  1U5^"  C,  lost  water,  and  then  furnished 
the  following  results  : — 
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BnMc  Lead  Kri/^ptaphanaU. 

When  the  neutral  salt  is  washed  with  water  for  a  long  time  it 
loses  one-third  of  its  acid,  and  there  remains  behind  a  salt  having 
the  composition  2(CiQHj,Pb2N,0,,lPbO. 
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Note. — Analyses  1  and  2  on  the  same  preparation.  Analysis 
3  on  sample  prepared  in  another  operation. 

KrypUrphanaU  of  Copper  {with  Alcohol), 

This  salt  was  prepared  by  adding  a  great  excess  of  copper 
acetate  to  a  solution  of  the  crude  kryptophanate  of  calcium, 
filtering  and  precipitating  the  filtrate  with  alcohol,  washing  with 
alcohol,  drying  in  the  steam  oven,  powdering,  and  finally  drying 
in  vacuo.  Prepared  in  this  way,  the  salt  is  a  compound  of 
alcohol  with  the  copper  salt 

Found. 
^ ^ L ^ 

I  1.  2.  8.  4.  5. 

Carbon  .     2895         2953  

Hydrogen  .        .      462  4-67  ...  

Copper       ...  24-20        24-67      2418 

The  analyses  lead  to  either  2(CMSi\xS0^  +  C-H-O  or2(C5 
HyCuNOfi) + C  jH^O + H,0. 

Kryptophanate  of  Copper  (without  Alcohol), 

When  the  foregoing  salt  is  exposed  to  moist  air,  and  then  dried 
in  vacuo,  it  loses  alcohol,  and  at  the  same  time  changes  in  colour, 
becoming  very  dark  green.  Analysed  in  that  state,  it  yielded 
results  corresponding  with  the  formula  C^HyCuNO^.  - 
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Dry  Distillation  of  Copper  Salt — 8'25  grm.  of  this  salt  wag 
subjected  to  dry  distillation,  and  yielded  tii-st  water,  which  was 
removed  from  the  receiver.  Then  on  heating  more  strongly  a 
heavy  white  vapour  came  over,  which  w^as  alkaline,  smell ed  of 
cyanides  and  of  tobacco,  and  crystallised  in  white  crj^staJs  on 
cooling.  It  was  perhaps  cyanide  and  cyanate  of  ammonia.  It 
effervesced  with  platinum  tetrachloride,  giving  a  crystalline  salt 
A  dark  red  oil  also  distilled  over,  and  this  w^hen  mixed  with 
HCl  and  PtCl^  reduced  the  platinum  to  the  metallic  state  and 
gave  a  useless  black  solution.  The  oil  wms  more  soluble  in  ether 
than  the  crystals,  so  that  a  separation  could  be  effected  thereby. 

Kri/pU>pkanate  of  Ma/pieMum, 
Free  acid  prepared  by  the  exact  decomposition  of  the  wet 
krjrptoplmnte  of  lead  by  means  of  an  equivalent  of  dilute  sul- 
phuric acid,  and  which  contained  no  sulphuric  acid^  was  mixed 
with  an  excess  of  magnesia,  filtered,  and  tlie  filtrate  evaporated 
on  the  water-bath.  The  salt  formed  a  mass  like  treacle,  which, 
however,  after  loss  of  the  excess  of  water,  dried  up  into  a  brittle 
maas  admitting  of  pow^dering.  It  w^as  powdered  and  dried  at 
110"  to  120"  C, 

Found. 
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Pried  at  from  140°  to  160°  it  lost  an  atom  of  -water,  and  becam? 
Cj,H^Mg,N,0,,  +  Aq. 

Tlieory.  Found, 


30.93  C 
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1237  Mg 
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Calciu  m  Krypiophaiiates. 

Some  free  acid  waa  made  by  decomposing  lead  salt  with  an  equi- 
valent of  dilute  H^SO.  (a  little  baryta  w^ater  w^as  added,  to  remove 
a  slight  excess  of  sulphuric  acid).  An  excess  of  miUc  of  lime, 
prepared  from  lime  %vhich  had  been  washed,  w^as  added  to  the 
acid,  and  the  mixture  boiled  and  filtered*  To  the  filtrate  about 
an  equal  volume  of  strong  alcohol  w^as  added,  and  a  precipitate 
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obtttiiied.  This  was  dried  in  the  water-bath,  further  dried  at 
110^  and  analysed  (Anal  1,  2,  3).  The  fiUmte  waj5  evapomted  to 
dryness,  aiid  the  lime-salt  powdered  and  dried  at  135"*  (Anal  4). 
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Ci^Hj^CaN20^,  is  produced  (just 
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When  kr}'ptophatiic  acid  is  boiled  with  excesa  of  milk  oi' 
lime,  there  is  produced  a  salt  containing  |  of  Ca  t<)  1  of  acid. 
This  salt  has  considerable  stability,  hat  appears  to  be  very  slowly 
attacked  by  the  COg  of  the  air.  If,  however,  the  salt  be  dried 
np  and  then  powdered,  one-third  of  the  calcium  passes  into  car- 
bonate, and  the  dibasic  salt 
fls  in  the  case  of  Ba  salt). 

KryptophanaU  of  Bari/um, 

The  magnesium  salt  was  precipituted  boiling  with  slight  ex- 
cess of  hydrate  of  baryum,  filtered  and  evaporated  nearly  to  dry- 
ness in  the  water-bath ;  refiltered,  and  the  filtmte  dj'ied  Id  the 
water-bath.  It  formed  a  perfectly  ti'anslucent  red-brown  varnish. 
Dried  at  110^ 

Analysis ; — 

(1.)  ^445  grm.  gave  *338  grm,  BaSO^»  equal  to  44*66  percent. 
Ba.     Cj^Hj^BagNgOj^  +  Aq.  requires  -^"52  per  cent.  Ba. 

This  salt  took  up  CO.^  of  the  air,  and  formed  a  deposit  of 
BaCOg.  The  solution  on  evaporation  to  dryness  left  a  residue, 
which,  dried  at  110',  contained  3628  per  cent.  Ba. 

It  would  also  seem  that  there  is  a  baryta  salt  of  the  formula 
C\,H„BaiX,0,,. 

MetaTncrpJums  of  Bari/um  Kn/pfophanate  into  an  Acid  Salt  hy 
Boiling  with  Water, 
15*5  grm.  of  copper  kryptophanate  (containing  a  certain  quan- 
tity of  alcohol)  was  decomposed  with  hydrothiou  and  filtered. 
The  filtrate  was  boiled  for  a  long  time  with  BaCO^  and  some 
BaH^^Oo,  and  gave  off  some  ammonia.  It  was  subsequently 
filtered.*  The  precipitate  on  the  filter  contained  much  carbonate, 
and  probably  and  apparently  no  organic  product  of  decomposi- 
tion. The  filtrate  was  mixed  with  a  large  quantity  of  98  per 
cent  alcohol,  whereupon  a  pale  yellowish' white  liarj^nm  salt  was 
precipitated     This  salt  was  washed  with  alcohol  of  98  per  cent. 
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(the  wash  alcohol  was  strongly  alkaline)  dissolved  in  water»  iinJ 
the  aquDou8  solutioa  boiled.  Thereupon  ammonia  was  ^t^n 
evolved  and  abundaoce  of  baryum  carbonate  precipitated,  fhia 
was  removed  by  tiJtration,  the  filtrate  evaporated  to  diyiieBS  at . 
110**  and  powdered.  It  foniied  a  gummy  mass,  offering  no  diffi- 
culty to  comminution.  The  total  amount  of  baryum  aalt  ob- 
tained was  4377  grm. 

The  analyses  lead  to  the  formula  C^^jHj^  BaN^Og, 
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The  reaction  by  which  this  salt  is  produced  is  the  loss  of 

baryum  oxyde,  thus : — 

C,  Hy  Ba  N  0, 
+  C,  H,  Ba  KO^ 

CjoHi,  Ba  N.Uio 
-  Ba       0 


:=C\,H,,  Ba  NA 

This  salt  gaT«  a  white  precipitate  with  AgNO^,  soluble  in 
HNO3.  It  gave  a  whit©  precipitate  with  lead  acetate,  soluble 
in  acetic  acid.  It  gave  no  reaction  with  copper  acetate,  zino 
chloride,  or  calcium  chloride.  With  mercuric  chloride  it  gave  S^ 
white  precipitate,  soluble  in  HNO^ ;  with  mercuric  nitrate  the 
same;  \vith  mercurona  nitrate  a  precipitate  which,  apparently 
white  at  first,  became  quickly  dark.  The  solid  baryum  salt,] 
moistened  with  strong  HjSO^,  appeared  to  give  a  double j 
sulphate  of  baryum  and  kryptophanate. 

Kryptaphanatfs  0/  CobalL 

A  solution  of  kryptophauic  acid  (some  of  the  same  sample  ail 
that  employed  for  magnesium  salts)  was  treated  with  cobalkl 
carbonate  J  effervescence  ensued  both  in  the  cold,  and  more  ofl 
boiling.     A  red  solution  was  obtained  and  precipitated  by 
volumes  of  alcohol  of  94  per  cent     A  pale  pink  precipitat 
ensued  which  was  filtered  oft'.     On  drying  in  the  steam^bath  ' 
shrunk^  then  fused  like  the  calcium  and  other  salts,  and  soake 


KRYPTOPHANIC  ACID.  265 

the  paper  like  fat  Cof  this  the  greater  portion  dLssolved  in  warm 
water,  with  red  colour  as  before).  It  ultimately  became  hard, 
was  white  rose  coloured  in  the  interior  of  the  lumps.  Powdered 
and  dried  at  100°  to  110^ 

Determination  of  Cobalt. — '0834  grm.  burned  and  reduced  in 
H  atmosphere  gave   '014  grm.   or   16*78  per  cent.  Co.     The  . 
formula  CioHieCoNgOio  (At.  W.  =  328-8)  requires   15-36   per 
cent  Co. 

The  formula  CjoHi^CoNoOg  requires  1619  per  cent.  Co. 

Solution  in  Alcohol. — Was  of  a  rose  red  colour,  and  on  evapo- 
ration in  platinum  dish  became  indigo  blue  wherever  it 
dried,  and  was  ultimately  a  deep  blue  hard  mass.  It  was  dis- 
solved in  water  and  became  red  again,  filtered  from  slight  pre- 
cipitate and  again  evapomted.  Dried  at  110^  On  heating,  it 
swelled  up  greatly,  gave  out  a  stinking  gas,  and  left  a  residue  of 
cobalt  and  carbon.  This  had  to  be  treated  with  nitric  acid  to 
deflagrate  all  carbon,  after  which  the  cobalt  was  reduced  in  H 
atmosphere. 

Determination  of  Cobalt. —  2897  grm.  left  after  the  before- 
mentioned  treatment  '08  grm.  Co  or  27'7  per  cent.  Co.  The 
formula  C^o^^^^o^fi^Q  (At.  W.  4896)  requires  267  per  cent. 

CioH^COjNjOj  requires  279  per  cent, 

Silver  Salts. 
When  a  solution  of  a  tetrabasic  krjrptophanate,  as,  for  instance, 
the  magnesium  salt,  Ci^Hj^Mg^NjOi^,  is  mixed  with  a  solution  of 
silver  nitrate,  there  is  produced  a  dark  grey  precipitate,  which 
either  has  not  a  definite  composition  or  else  suffers  decomposition 
spontaneously  or  on  washing.  The  following  determinations  of 
silver  in  different  specimens  of  the  precipitate  will  serve  to  il- 
lustrate the  inconstancy  of  its  composition  after  having  been 
washed  and  dried : — 

Percentage  of  silver. 

Precipitate  a  .  77-2 

Do.        6  .  .  .  6Q08 

Do.        c  .  .  56-56 

Precipitate  a  was  prepared  by  using  a  very  small  proportion  of 
silver  nitrate  to  precipitate  the  magnesium  kryptophanate.  It 
was  washed,  dried  in  the  steam-bath,  and  finally  dried  at  100"* 
to  110". 

Precipitate  b  was  washed  six  times  with  a  small  quantity  of 
water  and  dried  in  vacuo. 

Precipitate  c  was  very  little  washed,  and  then  pressed  and 
dried  in  vacuo  for  several  days. 

Thus  it  appears  that  by  dint  of  washing  decomposition  of  the 
silver  salt  is  effected,  so  >as  to  give  a  ssdt  richer  in  silver  than 
the  original  precipitate. 
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Precipitate  c,  wliicli  may  be  regarded  as  the  least  altertil 
Bpecinien  of  the  precipitated  silver  salt,  roughly  approximates  la 
composition  to  the  formula  Ci(jlI^^Ay:^N.,0,jj+  2  A q.,  correspond- 
ing %vith  the  miigoesium  salt  from  which  it  was  fortQed  The 
following  are  the  details  of  its  preparation  and  analysis : — 

3  grm.  of  silver  nitrate  were  dissolved  in  water  and  pre- 
cipitated with  8  c.c.  of  very  concentrated  solution  of  tetral^ic 
mfi^nesium  kr)^tophanate.  The  dark -coloured  precipitate,  after 
slight  washing,  pressing,  and  drying  in  eamo  for  several  days, 
weighed  1"603  grm. 

The  formula  Ci^Hi^Ag^NgO^^j  +  2  Aq»  requires 


CBlcnUted. 

Found. 

IOC 

120 

15-2 

13-08 

18  H 

18 

... 

•  •  t 

4Ag 

432 

54"7 

56-56 

2N 

28 

... 

12  0 

192 

* .  • 

(It  will  he  understood  that  the  insufficiency  of  the  washing 
would  occasion  the  carhon  to  he  too  low,  and  the  ignited  residue 
to  he  loo  high  for  the  real  quantity  of  silver.) 

The  interpretation  which  is  to  be  put  on  the  data  given  by 
this  examination  of  the  silver  salt  appears  to  he  the  following : — 
The  tetrahasic  silver  salt  is  verj'  perishable,  and  breaks  np  into 
trihasic  silver  salt  and  silver  oxide.  By  washing,  tri basic  silver 
salt  is  more  or  less  perfectly  dissolved  out,  and  silver  oxide  ac- 
cordingly accumulates  in  the  precipitate. 

The  stable  silver  salt  of  kryptophanic  acid  appears  to  be  the 
tribasic  salt,  and  is  formed  by  double  decomposition,  when  either 
a  dibasic  or  a  tribasic  kr^^tophanate  is  added  to  a  solution  of 
silver  nitrate.  It  is  white,  and  appears  to  be  rather  soluble  in 
water. 

a.  Some  silver  salt  obtained  by  double  decomposition  between 
dibasic  calcium  salt  and  silver  nitrate  was  washed  and  dried  in 
vacuo.  1110  gim.  gave  '0570  gmi,  of  metallic  silver,  or  5r35 
per  cent  Ag. 

J.  Some  silver  salt  prepared  from  dibasic  barjiim  salt  and 
Ivej  nitrate,  and  dried  in  vacuo,  gave  52*80  per  cent*  Ag, 

f.  Another  quantity  of  silver  sdt  made  from  a  specimen  of 
calcium  krv^^tophanate^  believed  to  be  the  tribasic  salt,  had  the 
following  historj^ : — 

Calcium  kryptophanate,  obtained  from  fresh  urine  by  lime 
and  alcohol  process,  purified  twice  by  resolution  in  water  and 
precipitation  by  alcohol,  was  boiled  with  animal  charcoal  to  de- 
colorise it,  and  then  mixed  with  silver  nitrate  as  long  as  a  preci- 
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pitate  was  produced.  The  precipitate,  white  at  first,  became 
slightly  coloured  grey.  It  was  washed,  ultimately  boiled  with 
alcohol,  dried  at  10(r  to  110^  At  130°  it  became  brownish  on 
surface. 


Calculated. 

Fonod. 

JL 

ti.      h      ^       o       q       A 

K 

10  0         120 

1908     19-97 

w. 

13  H         13 

2-07     2-49 

*  •  * 

3  Ag      324 

1-53  51-35  52-80 531  538  52-8      ... 

.  •  * 

2N          28 

4-45     

6-7 

9  0        144  

629 

Theoretical  Considerations  respecting  Kryptophanic  Add, 

Blryptophanic  acid  is  supposed  in  some  of  the  foregoing  para- 
graphs to  be  a  dibasic  acid  of  the  formula  C^Hj^O^.  But  it  is 
evident  that  it  may  be  considered  as  tetrabasic,  and  to  have  the 
formula  G.^^^fi^^  In  that  case  the  metallic  salts  will  have 
the  general  formula : — 

Examples :  Lead  salt  Cj^  H j^  Pb^  N^  Oj^ 

Do.  hydrated       C^^  Hj.  T\  N^  0,^  +  2  Aq. 

Basic  2  (C,,  Hj,  Pb^  N,  OjJ  PbO. 

Copper  salt  C^^  H j^  Cu^  Nj  0^^ . 

Do.  with  alcohol  C^^^  H^^  Cu^  N^  Oi^  +  Cfifi, 

Magnesium  salt  0^^  Hj^  Mg^  Ng  O^j  +  Aq. 

Do.  dihydrate      C,^  Hj^  Mg^  N^  0^^  +  2  Aq. 

Baiyum  salt        Ci^  Hj^  Ba^  Ng  0^^  +  Aq. 

Do.  tribasic         On,  Hi^  ba^g  N^  O^^. 

Do.  acid  0^  H^^  Ba  N^  0^, 

Calcium  salt        C^^  H^g  ca\  N^  0^, 

Do.  acid  Cj^  H^^  Ca  N-^  Og. 

Cobalt  salt  acid  Cj^  Hj^  Co  N.  0^. 

Do.  basic  Cjo  H„  Coj  N,  0^. 

Silver  salt  C^o  H^,  Ag,  N,  0,. 


CHAPTER  XXL 
CARBONIC    ACID,  CO,. 


HISTOEY  AKD   UTERATtJKIL 

Proust  (''Ann.  Chim/'  36  (1800),  260)  obsen^ed  that  the  ttoih 
which  gathers  on  urine  when  it  is  evaporated  contains  a  mixture 
of  carbonic  acid  gas  and  air,  Most  chemists,  however,  doubted 
that  this  acid  was  contained  in  the  urine  as  such,  but  beliefred 
it  to  be  a  product  of  the  decomposition  of  urea  by  heat,  A. 
Vogel  ("  Schweii^ger  s  Journ,"  11  (1814),  401),  therefore,  to  test 
the  assertion  of  Proust,  placed  one  litre  of  urine  in  a  l>ottle  of 
two  litres  capacity,  and  closed  the  bottle  with  a  cork,  from 
which  a  bent  tube  led  to  a  small  cylinder  filled  with  lime  water. 
This  apparatus  was  placed  under  the  bell-jar  of  an  air-pump, 
and  the  air  gi-adually  exhausted.  As  the  air  from  the  flask 
passed  through  the  lime  water  it  caused  a  white  precipitate  in 
this  agent;  the  evolution  of  gas  continued  for  about  two  hours. 
The  urine  in  tlie  bottle  forms  a  great  froth,  and  care  must  be 
taken  not  to  let  any  particle  of  froth  rise  into  the  lime  water. 
On  destroying  the  vacuum,  lime  water  will  of  coui-se  rise  into 
the  urine.  The  quantity  of  lime  water  and  carbonate  formed 
thus  lost  may  be  limited  by  letting  the  bent  tube  dip  only  very 
little  into  the  lime  water. 

Occurrejice  and  Cfwrnical  Characters, 

Carbonic  acid  is  the  principal  product  of  the  perfect  combus- 
tion of  carbon  and  carbonaceoua  substances.  It  is  therefore  the 
main  product  of  the  process  of  oxydation  carried  on  in  all  animal 
bodies,  and  is  exhaled  from  them  by  means  of  the  lungs.  In 
urine,  as  in  other  animal  fluids,  the  blood  excepted,  there  is  only 
such  a  quantity  of  carbonic  acid  present  as  corresponds  to  the 
power  of  absorption  of  its  water.  Carbonic  anhydride  is  a 
coercible  gas  of  considerable  chemical  affinity  for  bases.  It 
gives  a  white  precipitate  in  lime  water,  which  is  again  dissolved 
by  an  excess  of  the  carbonic  acid.  Acetate  of  lead  produces  in 
very  dilute  solution  of  the  gas  in  water  a  white  turbidity.  ""* 
gas  is  completely  absorbed  by  caustic  potash  in  solution,  or 
by  caustic  potash  in  solid  pieces,  when  there  is  sufficient  oppor 
tunity  for  cont*»ct. 
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Made  of  D^tirmining  the  QuaniUy  of  Carbonic  Anhydride 
contained  wi  Urine  by  Volume, 

Whenever  small  quantities  of  carbonic  anhydride  have  to  be 
estimated,  it  is  best  to  treat  them  volurnetricaUy,  In  the  case 
of  the  carbonic  anhydride  in  urine,  the  following  proceeding  will 
be  found  most  efficacious  and  secure: — A  two-necked  WoliF*s 
bottle  is  connected  with  a  graduated  pipette  containing  the 
urine,  and  provided  at  its  lower  end  with  a  glass  stopper.  The 
second  neck  of  the  Wolfl^'s  bottle  is  connected  with  a  second 
two-necked  Woltf's  buttle  coiitaioiBg  some  cotton-wool  This  is 
connected  with  a  Spix?ngers  mercurial  pump,  the  delivery  tube 
of  which  can  l»e  made  to  communicate  with  a  gas-measuring 
tube  filled  with  mercury.  When  the  apparatus  has  been 
exhausted  by  the  action  of  the  pump,  a  measured  quantity  of 
the  urine  to  be  tested  is  allowed  to  tlow  from  the  pipette  into 
the  first  Wolt]**s  bottle.  This  urine  will  immediately  begin  to 
froth,  and  on  the  application  to  the  bottle  of  some  warm  water 
to  boil  The  froth  will  pass  into  the  second  liottle,  and  be 
retained  and  destroyed  there.  Tlie  carbonic  acid  will  pass  into 
the  gaa-measuriug  tube,  with  which  the  delivery  tube  of  the 
pump  has  been  connected  after  the  vacuum  was  obtained  and 
before  the  urine  waa  allowed  to  flow  into  the  first  bottle.  The 
gas  ultimately  collected  over  the  mercury  is  measured  \\ith  the 
usual  observations  of  air-pressure  and  temperature.  It  is  next 
treated  with  some  caustic  potash,  and  the  amouut  of  gas  absorbed 
is  again  ascertained  with  the  precautions  mentioned.  From  the 
volume  absorbed  the  weight  of  the  carbonic  acid  and  its  pro- 
portion to  the  weight  or  volume  of  the  uriae  employed  are 
calculated. 

Mode  of  Estimating  the  Quantity  of  Carbonic  Acid  contained  in 
Urifu:  by  Weight, 

From  a  measured  quantity  of  urine  the  carbonic  acid  is 
evolved  by  warmth  and  diminished  air  pressure,  and  caught  in 
baryta  water.  This  is  the  principle  of  the  analysis  ;  the  follow- 
ing are  the  particulars  ;— lOU  c,c,  of  urine  are  put  into  a  strong 
flask,  closed  by  a  cork,  which  is  pierced  by  two  glass  tubes. 
One  tube  dips  into  the  urine,  and  above  the  cork  is  drawn  out 
into  a  long  point,  and  closed  by  the  blowpipe,  Ths  second  tube 
begins  with  the  cork,  has  a  double  bend,  and  is  connected  with 
a  second,  but  empty  bottle,  out  of  which  a  second  doubly  bent 
tube  leads  to  a  third  Hask  half  full  of  clear  baryta  water. 
Several  bottles  with  baryta  w*ater  may  yet  be  attached.  To  the 
last  one  the  air-pump  is  fixed.  The  whole  apparatus  being  made 
air-tight,  the  flask  containing  the  urine  is  placed  in  the  water- 
bath,  and  its  temperature  raised  to  60°,  after  which  the  air  is 
gently  pumped  out  of  the  apparatus.     The  urine  soon  b^na  to 
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boil,  and  distik  partly  into  the  empty  bottle,  and  tbe  solution  of 
baryta  in  the  several  bottles  becomes  turlud  from  carbonate  of 
baryum.  After  the  lapse  of  about  half  an  hour  or  more,  the  thin 
point  of  the  first  tube  is  broken  off,  and  air  is  gently  drawn 
through  the  apparatus.  The  carbonate  of  baryum  is  afterwards 
separated  by  filtration,  washed,  and  dissolved  in  hydrochloric 
acid  ;  the  solution  is  precipitated  by  sulphuric  acid ;  and  from 
the  weight  of  sulphate  of  baryum  thus  obtained  the  amount  of 
carbonic  acid  is  calculated. 

Physicfoffical  and  Pathological  Indications. 

From  the  observations  of  Planer  (**  Zeitschr.  A  Gesellsch.  A 
Aerzte  Wiens/'  1859,  p.  465)  and  Ewald  (*' Archiv.  f.  Anat,  u, 
Physiol,  von  du  Bois-Reymond  und  Reichert,"  1873,  p.  1),  it  ap- 
pears that  the  urine  excreted  by  persons  under  the  influence  of  the 
febrile  process  contains  more  carbonic  acid  than  the  urine  of  the 
same  persons  at  a  j*eriod  during  which  they  are  free  from  fever. 
Cases  of  recurreat  enteric  fever  and  pneumonia  were  examined 
The  carbonic  acid  rises  and  falls  in  a  manner  parallel  with  the 
rising  and  falling  of  the  excretion  of  urea.  A  part  of  the  car- 
bonic acid  contained  in  the  urine  is  probably  derived  from  the 
blood,  another  directly  from  the  tissues  surrounding  the  walls  of 
the  bladder  (Strassburg,  Pfluger's  **  ArcLiv/*  3). 


CHAPTER    XXIL 

CHLOEINE  AND  CnLORTDES  OF  SOBIini  AND 
POTASSIUM, 


INTRODUCnOK, 

A  piiYSiOLOGiCAL  kw  miikes  these  subatances  the  commou 
ttccompaoiiueiits  or  ingi^edieuts  of  our  food.  Salt  is  a  necessary 
to  mail  and  anim^tl,  and  nature  litids  means  and  ways  to  supply 
it  to  both.  Like  oxygen,  these  salts  are  foood  everywhere. 
Their  solubility  in  water  equals  the  diftusibility  of  oxygen ; 
they  are  carried  from  the  sea  by  wind,  rain,  and  clouds  over 
large  tracts  of  country,  and  thus  they  penetrate  the  masses. 
There  is  probably  no  kind  of  water  on  the  globe  which  does  not 
contain  them,  and  consequently  they  pervade  vegetable  and 
animal  structures.  Of  aU  waters,  sea  and  mineral  water  con- 
|tain  the  greatest  abundance  of  them.  They  occur,  moreover, 
in  a  solid  crystalline  state,  mostly  imbedded  in  layers  of  gypsum. 
Of  the  mineral  rock  salt  we  have  to  make  an  important  use  in 
the  quantitative  analysis  of  the  cUorides  of  the  urine ;  for  no  salt 
bemg  so  pure  as  rock  salt,  a  solution  of  it  in  water  serves  as  the 
basis  for  the  preparation  of  all  the  tests  which  are  required  for 
the  volumetrical  metliod. 

Chloride  of  Sodium,  NaCL 
Physical  and  Chemical  Properties. 

Chloride  of  sodium  crystallises  in  the  cubic  system.  The 
cleavage  of  rock  salt  leads  to  a  cube,  and  crystallisations  of  salt 
from  pure  solutions  always  assume  this  form.  If,  however, 
certain  organic  substances  are  mixed  %vith  the  solution,  the 
crystallisation  will  ensue  in  the  form  of  the  regular  octahedron. 
Chloride  of  sodium,  therefore,  when  crystallising  out  of  the  urine 
or  other  animal  fluids,  always  appears  in  octahedra.  The  latter 
are  best  obtained  by  evaporating  a  large  amount  of  (one  day  s) 
urine  to  a  thin  syrupy  consistence,  and  letting  it  stand  over  night 
The  crystals  will  be  found  in  the  sediment  on  decanting  tire 
supernatant  fluid. 

Chloride  of  sodium  dissolves  in  water  of  from   12"  to   24" 
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invariably  at  the  rate  of  31*84  parts  in  100  parts  of  the  satamt 
solution.    For  procuring  the  latter  clear  rock  salt  is  best 
as  already  described  under  Urea. 

In  solutions  of  chloride  of  sodium,  nitrate  of  silver  produces  a 
white  precipitate,  which  is  insoluble  in  nitric  and  hydrochloru 
acids*  We  make  use  of  this  test  for  remoWng  chlorides 
the  urine  when  we  wish  to  ascertain  accurately  the  amount  of 
urea  by  the  volumetrical  method.  In  the  same  solutions  the 
nitrate  of  the  suboxyde  of  mercury  produces  a  precipitate  of 
calomel  (subchloride  of  mercury). 

If  a  concentrated  solution  of  chloride  of  sodium  is  mixed 
a  similar  solution  of  nitrate  of  oxyde  of  mercury,  nitrate 
sodium  and  bichloride  of  mercury  (corrosive  sublimate) 
formed,  the  latter  transforming  the  fluid  into  a  white  magma  of 
crystals.  The  same  jicctaposition  takes  place  in  dilute  solutioi] 
with  the  difference,  however,  that  the  fluid  remains  dear,! 
the  sublimate  is  kept  in  solution.  In  solutions  which  cont 
chloride  of  sodium  and  urea  at  the  same  time,  no  precipitation 
of  urea  by  nitrate  of  oxyde  of  mercury  will  take  place  as  long 
as  any  chloride  of  sodium  is  yet  present  untransformed  into 
nitre  and  corrosive  sublimate.  Upon  this  t^st  is  based  a  volu- 
metrical determination  of  the  quantity  of  chlorine, 

Dm^Tums  of  Chlorim  in  Urine, 

Some  urine  is  mix^d  with  strong  nitric  acid,  and  an  excess  of 
nitrate  of  silver  added*  A  voluminous  precipitate  ensues,  which 
by  agitation  and  wanning  collects  in  a  curd-like  clot  The 
siipenialaBt  fluid  is  now  decanted,  and  the  precipitate  boiled 
with  a  fresh  quantity  of  nitric  acid  to  dissolve  some  impurity; 
it  is  again  washed  with  water  by  decantation,  and  dissolved  in 
strong  caustic  ammonia.  Excess  of  nitric  acid  added  to  this 
solution  reproduces  the  white  precipitate,  which  is  chloride  of 
silver.  By  fusing  this  precipitate  in  a  porcelain  crucible  and 
weighing  it,  an  accurate  determination  of  chlorine  is  obtained. 
Chlorine  may  be  obtained  from  urine  or  from  chlorides  obtained 
from  it  by  crystallisation  by  heating  them  with  some  peroxyde  of 
manganese  and  sulphuric  acid,  By  heating  a  concentrated 
specimen  of  urine  with  a  large  excess  of  sulphuric  acid  chlorine 
is  obtained  as  hydrochloric  acid  in  a  distillate,  which  also  con- 
tains formic  and  acetic  acid  and  a  volatile  oil.  The  hydrochloric 
acid  passes  last,  The  more  detailed  description  of  this  process 
will  be  found  under  the  chapter  relating  to  urochrome  and  to 
acetic  and  formic  acid. 

Mode  of  Ohtaijiin^  Cldaride  of  Sodium  from  Urine, 

The  urine  is  evaporated  to  one-eighth  and  filtered.  The  fil- 
trate is  evaporated  on  the  water-bath  to  a  thin  syrup  and 
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allowed  to  cool  gradually.  After  twenty-four  hours  crystals  will 
be  found  deposited^  which,  if  they  are  few  in  a  fluid  extract,  may 
be  chloride  of  sodium  ouly  in  octahedra ;  but  if  the  crystalliaa- 
tion  takes  place  from  a  more  conceatrated  extract,  the  crystals 
deposited  in  hard  crusts  are  a  mixture  of  chloride  of  sodium 
with  a  compound  of  chloride  of  soilium  and  urem  With  those 
phosphate  of  sodium  and  phosphate  of  sodium  and  ammonium 
are  always  mixed  when  the  extract  was  very  concentrated  or 
was  cooled  down  very  slowly. 

From  the  crystida  so  obtained  after  draining,  pressing  between 
bibulous  paper  in  a  press  or  vice,  redissolving  in  water  and  boil- 
ing with  animal  charcoal,  chloride  of  sodium  may  be  obtained  by 
fractional  crystaOisation,  It  is,  how*ever,  easier  to  calcine  the 
salt  as  it  comes  from  the  press,  to  destroy  urea  and  colDuring 
matter,  and  to  cr}^stallise  the  filtered  soiutiou  of  the  residue, 
when  pure  chloride  of  sodium  crystallises  first,  and  phosphate  of 
sodium  and  any  potassium  salts  remain  in  the  mother-liquor. 

Chhruic  of  Pota.^iHjn,  KCl. 

The  potassic  chloride  in  urine  teing  present  in  smaller  quan- 
tity than  the  sodic  salt,  and  crystallising  in  the  same  cubic  form 
cannot  easily  be  obtained  by  direct  crystallisation.  It  may, 
however,  l>e  precipitated  from  the  concentrated  urine  by  adding 
to  this  a  quantity  of  alcohol,  and  after  removal  of  any  precipitate 
by  filtration,  a  suHiciency  of  platinic  chloride*  The  crystals  of 
potassic  chloride  platinic  chloride,  which  form  on  standing,  may 
be  recrystallised  from  hot  water,  decomposed  by  a  dull  red 
heat,  and  then  the  potassic  chloride  may  be  extracted  from  the 
platinum  by  water  and  crystallised, 

Mdhod  of  Detemhining  tlu  Qtmniity  of  Chlorine  in  Urine  hy 
means  of  Nitrate  of  Oxyde  of  Mercury, 

From  the  analysis  of  ui^ea  we  are  already  acquainted  with  the 
fact  that  nitrate  of  oxyde  of  mercury  produces  a  copious  white 
precipitate  in  a  solution  of  urea.  This  precipitate  is  not  pro- 
duced with  corrosive  subUmate. 

On  mixing  a  chloride  of  any  of  the  alkali  metals  with  nitrate 
of  oxyde  of  mercuiy,  a  transmutation  of  the  two  salts  into  corro- 
sive sublimate  and  a  nitrate  of  the  alkaline  base  takes  place. 
We  have  already  seen  the  result  of  this  proceas  as  regards 
chloride  of  sodium. 

If  a  solution  of  urea  is  mixed  with  some  chloride  of  sodium, 
and  a  dilute  solution  of  nitrate  of  oxyde  of  mercury  is  then 
added  in  small  portions,  a  white  turbidity  occurs  on  the  spot 
where  the  two  fluids  mix  with  each  other;  but  this  turbidity 
immediately  disappears  if  the  fluid  is  shaken  a  little,  and  the 
latter  remains  as  clear  and  transparent  as  before  the  addition  of 
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formed  into  basic  salt  If  the  commejcial  nitrata  of  thesuboxytle 
be  Uded,  this  process  of  washing  must  always  be  gone  through, 
because  the  manufacturera  simply  remove  the  cr}'stals  from  the 
motlier-liqiior  without  washing  them.  Small  pieces  of  the 
crystallised  salt  should  not  be  used  at  all,  because  the  yellowish 
mother-briuor  adheres  to  them  with  such  pertinacity,  that  it  is 
difftcult  to  remove  it  by  washing  without  diBsolviDg  the  greater 
part  of  the  salt  also. 

The  crj^stals  of  nitrate  of  suboxyde  of  mercury  are  now  dis- 
solved in  nitric  acid,  and  heated  until  the  evolution  of  vapoura 
of  nitrous  acid  has  entirely  ceased,  and  a  drop  of  the  solution  ia 
no  longer  precipitated  by  chloride  of  sodium.  The  solution, 
after  evaporation  on  the  water-bat li  to  a  syrupy  consistence,  ia 
diluted  with  ten  times  its  own  volume  of  water.  If,  after  the 
lapse  of  twenty-four  hours,  any  basic  salt  of  tlie  protoxyde  has 
been  precipitated,  it  may  be  removed  by  filtration. 

In  order  to  make  this  solution  serviceable  for  the  c|uaBtitative 
analysis  of  chloride  of  sodium  it  must  be  graduated,  so  aa  to 
contain  a  definite  amount  of  nitrate  of  oxyde  of  mercury  in  a 
given  volume.  This  may  be  effected  in  two  ways.  It  is  either 
graduated  directly  by  means  of  a  solution  of  chloride  of  sodium 
of  known  strength,  or,  after  the  amount  of  oxyde  it  contains  has 
been  determined,  it  may  be  diluted  with  as  much  w^ater  as  is 
necessary,  in  order  to  make  one  cubic  centimetre  of  tliis  dilute 
mercurial  solution  indicate  exactly  10  milligrammes  of  chloride 
of  sodium.  For  both  proceedings  a  solution  of  chloride  of  sodium 
is  required,  containing  a  known  amount  of  this  salt.  The  pre- 
paration of  the  standard  saturated  solution  has  already  been 
described.  Of  this  saturated  solution  we  take  with  a  pipette, 
observing  the  usual  caution,  20  cc,  and  add  298'4  ex.  of  water, 
whereby  we  obtain  318"4  c.c,  of  dilute  solution  of  chloride  of 
sodium,  containing  in  all  2x3184  milligrammes  of  chloride  of 
sodium ;  10  c.c.  of  this  solution  contain,  therefore,  200  milli- 
grammes of  chloride  of  sodium. 

Prtparatum  of  MercHrial  Svlntion  Graduated  for  Chloride  of 
Sodium. — Ten  cubic  centimetres  are  measured  by  means  of  a 
small  pipette  delivering  exactly  that  amount  of  fluid  after  having 
been  filled  up  to  the  mark  on  the  narrow  tube.  These  10  cc 
are  poured  into  a  small  beaker ;  to  this  are  added  3  c.c.  of  a 
solution  of  urea,  containing  in  100  ex.  4  grammes  of  urea,  in 
1  c.c.  therefore  40  miOigrammes  of  urea.  For  measuring  this 
latter  solution  a  narrow  test-tube  is  very  serviceable,  when 
marked  with  a  file  at  the  point  to  which  it  will  be  filled  by  any 
3  c,a  of  fluid. 

The  dilute  solution  of  mercury  to  be  graduated  is  now  filled 
into  a  dropping  glass  or  burette,  and  from  this,  and  after  noting 
down  the  level,  it  is  added  in  drops  to  the  solution  of  chloride 
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Suppoee  that  theie  baie  boon  ued  far  the  pfodoolioii  of  tht 
precipitate,  in  10  i%cl  of  tbo  oolvtion  of  ehloride  of  eodiiun,  7'8 
e^  erf  the  mercttrial  fluid,  the  latter  is  too  oonoentniled  to  admit 
of  aocniale  g^ednatbii;  it  ta  therefore  diluted  with  ita  equal 
wlmne  of  water,  and  then  teeted  a  aeeoiid  tim&  Suppoee  Uial 
there  have  now  been  used,  for  10  ccl  of  the  aolntion  of  chloride 
of  sodium  mixed  with  urea,  15*5  e.CL  of  the  meieurial  solution  for 
the  production  of  a  permanent  preetpitate,  then  we  add,  to  eveiy 
155  volumes  of  this  mercurial  eolutiofi,  4o  Tolumea  of  water, 
wb»«b}r  we  obtain  200  volumes  of  a  mercurial  solution,  of 
which  200  ca  exactly  indicate  200  milUgninmies  of  chloride  of 
sodium,  or  one  cubic  centimetre  10  nuUigrunmes  of  chloride  of 
sodium. 

If,  in  the  first  test,  we  use  2*7  cc.  for  10  ac  of  solution  of 
chloride  of  sodium,  we  then  add  five  or  six  times  the  amount 
of  water  to  it  The  mercurial  solution,  which  is  to  be  gra- 
duated, must  not  be  too  different  in  concentration  from  the  fluid 
required  for  the  test,  and  which  we  are  desirous  of  producing. 

We  finallj  ascertain  the  correctness  of  the  measurements  by 
an  experiment  The  degree  of  permanent  precipitate  produced 
by  the  addition  of  20  c,a  to  10  c.c.  of  the  solution  of  chloride  of 
sodium  and  urea,  must  be  borne  in  mind  wheu  performing  the 
actual  Analysis  for  practical  purposes.  The  only  source  of  error 
connected  with  this  quantitative  analysis  of  chloride  of  sodium, 
is  that  an  excess  of  the  mercurial  solution  may  be  added,  so  that 
the  precipitate  is  formed  iu  excess  ;  or  that  too  little  of  the  solu- 
tion may  be  added,  so  that  the  turbidity  is  iosuflicient     But  a 
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little  practice,  and  the  caution  recommended  above  will  soon 
teach  us  how  to  avoid  this  error. 

The  test-fluid,  the  preparation  of  which  has  juat  been  de- 
scribed, is  calculated  for  those  cases  in  which,  besides  chlorides, 
there  are  no  other  salts,  and  no  excess  of  urea  in  solution.  It 
is  liable  to  lead  to  a  small  error,  when  used  for  the  determina- 
tion  of  chloride  of  sodium  in  the  urine,  which  makes  its 
apparent  amount  in  urine  smaller  than  in  reality  it  is.  This 
<jrror  is  occasioned  by  the  earlier  appearance  of  the  critical 
precipitate  at  the  completion  of  the  test,  in  cases  where  much 
urea  and  other  salts  are  present,  because  the  precipitate  is  less 
soluble  in  the  more  concentrated  fluids.  A  deposit  of  nitrate 
of  urea  and  protoxyde  of  meixjury  is  of  course  not  formed  in  the 
fluid,  before  the  latter  is  saturated  with  the  former.  The  mer- 
curial solution  always  contains  free  nitric  acid,  which  dissolves 
more  of  the  nitrate  of  urea  and  prfjtoxyde  of  mercury  than 
water,  and  the  latter  more  than  a  solution  of  nitrate  of  urea. 

But  as  urine  generally  contains  more  urea  than  has  been 
added  to  the  solution  of  chloride  of  sodium  for  the  purpose  of 
its  graduation,  tliis  urea  takes  a  part  of  the  free  nitric  acid  of 
the  mercurial  solution,  forming  nitrate  of  urea,  which  dimin- 
ishes the  solubihty  of  the  precipitate  in  the  fluid.  As  the 
precipitate  in  that  case  appears  earlier,  less  test-fluid  is  used 
for  producing  the  critical  test.  This  error  may  be  completely 
avoided  by  adding  to  the  10  ex.  of  solution  of  chloride  of 
sodium,  to  which  3  c.c.  of  the  solution  of  urea  have  been 
added,  5  c.c.  of  a  solution  of  sulphate  of  sodium,  saturated 
at  the  ordinary  temperature  of  the  air,  and  then  graduating  the 
flaii 

Nitrate  of  oxyde  of  mercuiy,  when  added  to  a  solution  of 
sulphate  of  sodium,  produces  a  yellow  pulverulent  precipitate 
of  tnrpeth  mineral.  If  the  sulphate  of  sodium  contain  chloride 
of  sodium,  the  addition  of  the  nitrate  of  oxyde  of  mercury 
will  not  form  a  precipitate  of  turpethum  before  the  whole  of 
the  chloride  of  sodium  has  been  transformed  into  sublimate, 
and  the  addition  of  the  sulphate  of  sodium  modifies  the  experi- 
ment only  in  one  way,  namely,  by  the  combination  of  the 
free  acid  of  the  mercurial  solution  with  the  sulphate  of  sodium 
an  acid  salt  is  formed,  which  has  the  same  effect  as  an  excess  of 
urea 

On  adding  urea,  and  afterwards  nitrate  of  oxyde  of  mercury, 
to  a  solution  of  sulphate  of  sodium  which  does  not  contain  any 
cUoride  of  sodium,  and  may  be  tolerable  dilute,  the  raixtiu'e 
becomes  a  gelatinous  magma  of  a  snowy-white  combination, 
which  contains  sulphuric  acid,  urea,  and  oxyde  of  mercury, 
and  is  a  little  less  soluble  in  water  than  the  corresponding 
nitrate. 
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Th$    Fluid   applied    to  tk$    UHntSpmai  Pnemding^— 

Before  the  fluid  can  be  applied  to  the  orine,  it  is  necoawiiy  %o 
remoYe  the  phosphoric  acid  from  the  latter.  This  ii  done  by  the 
solutioD  of  baryta  in  the  manner  d^cribed  in  the  anal  jw  far 
urea.  The  fluid  filtered  from  the  piecipitate  is  aUcaline  fiom  aa 
exoeoB  of  baryta*  This  alkaline  reaction  must  be  remoTed  by 
the  addition  of  nitric  acid*  The  correetneeB  of  the  aoalmB  to  | 
be  made  mainly  depends  upon  the  caation  not  to  add  na 
nitric  add  to  the  filtered  liquid  from  the  baryta  piBcipttate 
than  is  just  necessary  to  produce  a  faint  acid  reacttoo.  For 
this  reason  it  is  advisable  to  acidulate  the  whole  filtered  liquid 
before  taking  any  part  from  it  by  means  of  dilute  nitric  acid ; 
an  excess  of  one  drop  of  acid  in  100  ca  of  fluid  is  of  no  con- 
sequence, while  it  would  interfere  with  the  accoracy  of  tbo  \ 
analysis  when  added  to  the  smaller  quantity  used  for  analysis. 

For  the  test  we  take  15  ex.  of  the  acidulated  fluids correqioiiding  ' 
to  10  cc.  of  urinct  This  is  done  by  means  of  a  smaU  pipette  which 
exactly  delivers  15  cc  when  filled  to  the  mark  in  the  narrow 
tube.  The  me^asured  quantity  is  delivered  into  a  small  beaker^j 
and  being  kept  in  a  rotar>*  motion  the  mercurial  solution  is  mm 
to  flow  into  it-  After  the  turbidity  has  appeared,  the  amoonl 
of  test-fluid  used  is  read  ofl"  the  scale  of  the  burette ;  every  cubic 
centimetre  used  oorrespoads  to  10  milligrammes  of  chloride  of 
sodium. 

The  presence  of  chloride  of  sodium  in  the  urine  requiiee  aoD 
modifications  of  the  analysis  for  urea,  which  has  already  been 
described  in  the  paragraph  relating  thereto.  There  it  has  been 
stated  that,  for  very  accurate  analysis,  the  removal  of  the 
chlorine  from  the  urine  before  the  addition  of  the  fluid  gradu- 
ated for  urea  became  essential,  and  a  graduated  solution  of 
nitrate  of  silver  to  be  used  for  that  purpose  was  described* 
In  this  case  the  analysis  of  chloride  of  sodium,  by  means  of  that 
mercurial  solution,  serves  to  indicate  exactly  the  amount  of 
solution  of  silver  (graduated  for  the  same  amount  of  chloride  of 
sodium  as  the  mercurial  solution)  which  has  to  be  added  < 
to  the  urine  for  precipitating  the  whole  of  the  chlorine  contained 
in  it. 

DaUy  Average  Ammni  of  Chlarim  Discharged  during  BedUK 

Tlie  chlorine  in  urine  is  in  combination  with  sodium  and  po- 
tassium. The  reader  is  specially  cautioned  not  to  confound  figures 
expressing  the  amount  of  chlorine  with  those  expressing  the 
amount  of  chloride  of  sodium,  or  potassium. 

Observations  of  the  daily  average  amount  of  chlorine  dischaiged  \ 
by  persons  of  different  sexes  and  ages  were  made  by  Bischoff.    His 
rusults  are  as  follows  : — 
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CI 
Adult  man,  living  well,  disclla^^ed 

Woman,  43  years  of  age,         „  u  ii 

(firl,  18  years,         .        .       „  4'6 

Boy  of  16  years,      .         .       „  5'8 

Boy  of  3  years,                .      „  0*8 

Hegar  published  a  series  of  ohserv^ations  made  upon  eight 
BtudeutB  at  the  University  of  Gies?en.  The  daily  average  of 
chlorine  discharged  he  found  to  vary  in  different  individuals,  and 
to  fluctuate  between  7*4  and  13*9  grm.  This  gives  for  one  iniii- 
vidual  of  that  class  a  daily  average  of  10  grm.  of  chlorine,  aud 
calculated  for  one  hour  it  gives  0.44  grm.  of  chlorine.  For  the 
average  of  adult  persons!,  however,  the  medium  amount  of  chlorine 
discharged  during  twenty-four  hours  is  not  quite  so  high,  and  for 
the  majority  of  adult  individuals  we  may  assume  6  to  8  grm,  as 
the  average  of  chlorine  discharged  during  twenty-four  hours, 
which,  calculaled  for  one  hour,  gives  0'25  to  0*33  grm.  of  chlorine. 
The  figures  given  by  Bischoff  show  some  relative  quantities  in 
women  and  children. 

That  the  amount  of  cklorinA  ducJmrffed  dunn§  twenty-four 
flours  i^rus  in  different  indwidxmhj  undoulitedly  depends  mainly 
upon  the  fact  that  unequal  amounts  of  chloride  of  sodium  and 
potasasium  are  ingested  with  the  food  by  difl^rent  persons. 
Sailors,  who  have  lived  on  salt  rations  for  the  greater  pai-t  of 
life  spent  afloat,  will  discharge  an  extraordinary  amount  of 
rine  in  their  urine,  because  the  ordinary  food  of  our  kitchens 
is  insipid  to  them  without  the  adtlition  of  an  amount  of  salt  that 
would  make  any  ordinary  person  ill.  Such  men  may  be  seen 
dipping  sweet  cake  into  salt,  and  this  inclination  generally  lasts 
lor  the  remainder  of  their  life  on  land,  Conmion  life  shows  how 
difierent  are  the  tastes  of  individuals  relative  to  the  amount  of 
salt  in  their  food,  and  leads  us  to  expect  the  differences  which 
indeed  we  find. 

The  amount  of  chlorine  discharged  bp  an  individual  variu  on 
different  days,  according  to  and  corresponding  vnili  the  anum^i  of 
chlm'-ide  of  sodium  ami  ptda^ium  taken  loith  his  food>  When 
Falck  ate  strongly  salt  food  on  three  successive  days,  he  dis- 
chained  the  following  respective  amounts  of  chlorine,  namely, 
6'0,  7*8,  and  10 '3  grm.  during  twenty-four  hours.  But  when  he 
partook  of  fo^d  containing  no  addition  of  salt,  he  discharged  2*5, 
1*6,  and  09  grm,  of  chlorine  on  the  three  respective  days  suc- 
ceeding tlie  experiment  Vogel  ol>ser\'ed  the  amount  of  chlorine 
I  discharged  per  hour  by  seveml  individuals  who  had  taken  com- 
I  mon  salt  in  doses  not  sutficiently  large  to  purge  them.  In  all, 
I  the  amount  of  chlorine  discharged  per  hour  was  increased,  and 
^^K:Xose  from  0^4  grm,   to  lO,  nay,  even  1'8  grm.     In  some,  the 
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chlorine  which  had  passed  into  the  hlood  was  dischaiged  again 
by  the  urine  rapidly  and  in  large  quantities;  while  in  others  the 
discharge  lasted  longer,  and  the  quantities  for  equal  times  were 
smaller. 

The  larged  amount  o/chiarineptr  homr  is  mcreUd  afmo  Kawn 
after  the  largest  meal  0/  tlu  dof,  l%9  amaiUd  amamU  u  invariably 
secreted  during  the  night  (deef).  In  eight  individuals  examined 
by  Hegar  the  average  amount  of  chlorine  discharged  per  hour 
was,  in  the  afternoon^  0*57;  in  the  night,  028;  in  the  forenoon. 
0*48  grm.  In  one  and  the  same  person  the  average  amount  of 
chlorine  per  hour  would  vary  between  0*20  as  minimum  and  1'32 
groL  as  maximum  per  hour,  so  that  the  maximum  was  more  than 
six  times  as  large  as  the  minimum.  From  this  we  must  conclude 
that  ih^  secrd&n/  activity  of  the  kidnegs,  as  regards  chlorine ,  is 
diminished  during  rest  and  sleep.  Though  the  blood  be  rich  in 
chlorine  taken  with  tlie  food  in  the  evening,  yet  the  lowest 
amount  of  chlorine  is  discharged  during  the  night.  Mental  and 
bodily  activity,  on  the  other  hand,  will  increase  ihi  secr^ory  eteH^if 
for  chlof%ne  of  iJw  kidneys  at  any  time  during  the  day  or  nigkL 
This  is  particularly  striking  in  the  morning*  For,  though  a  per* 
sou  after  a  supper  contaiDing  plenty  of  salt  may  secrete  a  very 
small  amount  of  chlorine  during  the  sleep  of  the  night  following, 
and  for  breakfast  may  take  food  containing  no  addition  of  salt,  or 
no  food  at  all,  or  only  a  tumbler-full  of  water,  yet  the  amount  of 
chlorine  dischai^ged  during  the  hours  of  the  forenoon,  when  the 
mind  and  body  are  most  active,  and  when  the  nutritive  changes 
of  the  body  are  being  rapidly  effected,  will  be  double  the  amount 
of  that  during  the  night  It  will  of  course  rise  still  more,  if  food 
containing  an  addition  of  salt  be  taken.  The  amount  of  chlorine 
dischai-ged  after  a  substantial  English  breakfast,  with  meat  and 
eggs,  is  therefoi^  considerably  larger  than  that  dischai^ed  after 
the  Continental  caf4  an  laii,  or  the  coffee  and  hot  rolls  of  the 
German  student,  Hegar  found  that  a  person  who  used  to  be 
given  to  mental  labour  dischai^ed  more  chlorine  per  hour  of  the 
night  (0"47  grm.)  than  during  the  same  time  in  the  morning,  when 
the  quantity  was  only  0'44  grm,  Vogel  observed  frequently  an 
instantaneous  increase  in  the  amount  of  chlorine  secreted  by  the 
tirine  under  the  influence  of  increased  mental  and  bodily  labour. 
Wc  have  already  seen  that  the  same  causes  exert  a  similar  in- 
fluence upon  the  totd  quantity  of  urine  discharged,  and  upon  the 
amount  of  urea  secreted  with  it  There  can  be  no  doubt  that 
most  of  the  ingredients  of  the  urine  shai*e  this  fate,  as  we  have 
seen  or  shall  see  more  particularly  under  the  history  of  the  single 
substances.  Vogel  states,  moreover,  that  by  the  ingestion  into 
the  system  of  large  quantities  of  water,  which  stimulate  the 
kidneys,  not  only  the  amount  of  urine  and  urea,  but  also  of 
chlorine  is  increasecl    After  the  stimulus  has  ceased,  there  fol- 
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lows  a  period  of  relaxation;  during  which  the  activity  of  the 
kidneys  becomes  lessoned,  and  less  cidorine  than  usual  is 
excreted.  A  person  whose  hourly  secretion  of  chlorine  during 
the  night  was  013  grm,,  dnink  four  pints  of  water  in  the  eveniiig. 
The  hourly  amoimt  of  chlorine  rose  to  OGO  for  several  hours, 
fell  then  to  0*12  grm,,  and  somewhat  later  to  010  grm.  In  the 
morning,  however,  though  no  breakfast  had  been  taken,  the  amount 
of  chlorine  was  raised  to  05 1  grm.  by  horse  exercise.  Another 
person  drank  four  pints  of  water  in  the  afternoon  after  dinner, 
whereby  the  hourly  amount  of  chlorine  towards  and  during  the 
evening  rose  to  1'89  grm,;  during  the  night  it  amounted  to  0*57 
grm,.  being  019  in  excess  of  the  usual  average.  On  the  next 
morning  the  same  individual  drank  again  two  pints  of  water;  but, 
notwithstanding  this,  the  hourly  amount  of  chlorine  remained 
below  the  normal  average  during  the  entire  day,  amounting  only 
to  0*42  grm.,  sinking  in  the  night  following  as  low  as  to  0*014, 
rising  a  little  on  the  second  morning  to  0'22  grm,,  and  falling 
again  to  018  gnn.,  notwithstanding  the  person  had  eaten  a  piece 
of  bread  and  butter  with  much  salt. 

Upon  the  basis  of  the  above  facta  we  are  now  enabled  to  explain 
the  opinion  of  Banal,  who  by  a  series  of  very  accurate  analyses, 
the  substance  of  which  was  Orst  presented  to  the  French  Academy, 
and  subsequently  published  in  a  separate  form,  came  to  the  con- 
clusion that  chloride  of  sodium  increased  the  elimination  of  the 
nitrogenised  ingredients  of  the  urine.  In  some  of  his  experiments 
Barral  determined  the  whole  amount  of  chlorine  taken  with  the 
food,  and,  on  the  other  hand,  the  chlorine  and  urea  excreted.  If 
such  a  series  of  analyses  were  now  to  be  performed  by  tlie  more 
accurate  methods,  there  can  be  no  doubt  that  they  would  lead  to 
important  evidence  regarding  the  causes  and  influences  determin- 
ing and  modifying  the  amount  of  chlorine  excreted  by  the  kidneys, 
particularly  if  the  fa?ces  and  other  excreta  w^ere  also  taken  into 
consideration.  There  is  one  way,  however,  in  which  chloride  of 
sodium  indirectly  increases  the  discharge  of  urine  and  its  ingre- 
dients ;  namely,  by  causing  thirst  when  taken  in  any  quantity ; 
the  water  which  is  drank  in  consequence,  acting  as  a  stimulant 
of  the  kidneys,  carries  away,  not  only  the  salt,  but  also  oiganic 
ingredients  in  solution. 

Chlaniu  of  the  Urine  iVi  I}is€aM, 
Since  Redtenbacher  drew  attention  to  the  fact  of  the  absence 
of  the  chlorides  from  the  urine  discharged  by  patients  in  certain 
stages  of  pneumonia,  and  to  thi^  diminution  of  these  salts  in 
other  stages  of  that  disease,  many  researches  have  been  made  in 
that  direction.  Though  at  first  they  were  mainly  directed  to- 
wai^dfl  pneumonia,  of  which  disease  exclusively  the  absence  of 
the  cldoridea  was  for  some  time  thought  to  be  a  peculiar  feature, 
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yet  the  extension  of  the  investigations  to  other  diseases  showed 
soon  thai  the  bearing  of  the  chlorides  in  all  acute  diseades  was 
80  very  much  the  same,  Uiat  the  idea  of  its  being  a  peculiaiity 
of  pneumonia  had  to  be  abandoned. 

In  ail  acute  febrile  diseases  Che  amount  of  chlorine  dimiharged  in 
(he  wriTMJ  «inA»  rapidly  to  a  minimum^  my  one-hundredth  part  of 
the  quantity  normal  to  the  indwidual,  until  at  last^  in  €ert4nn 
mses,  it  disappears  entireiy  far  a  short  tinu.  Whm  the  diseased 
action  is  aboHnff,  the  ajnouni  of  the  cMorid€S  rises  during  contKil- 
escence,  sometimes  above  the  normal  average.  We  have  already 
seen  that  the  total  quantity  of  urine  has  a  similar  relation  to  the 
at^es  of  acute  febrile  diseases.  Urea,  on  the  other  hand, 
thou;^h  rising  at  first  in  amount  inversely  to  the  sinking  of  the 
amount  of  chlorine,  afterwards  sinks  below  the  healthy  average* 
and  during  convalesoence  rises  parallel  with  the  amount  of 
chlorine. 

In  the  case  of  a  man  suffering  from  severe  pleuro-pneumonia, 
Vogel  found  the  chlorine  sinking  rapidly  to  0^6  grm.  in  twentv- 
fonr  hours  on  the  third  day  of  the  disease^  to  0  3  grm.  on  the 
fourth,  on  the  fifth  to  almost  0.  From  this  day  the  diseased 
action  abated,  and  the  appetite  improved,  when,  together  with 
these  impi-ovements,  the  amount  of  chlorine  discharged  rose  to 
the  normal  average,  as  the  following  figures  show  : — 0*4,  1*8,  2*6, 
5'5,  90  grm.  From  this  time  the  amount  of  chlorine  fiuctuated 
a  little,  and  sometimes  exceeded  the  normal  avemge.  It  was  on 
the  respective  days  107,  13-5,  9-7,  111),  15^*1,  10 8  gnn. 

The  same  course  has  been  established  by  the  observations  of 
Beale.  He  found  that  the  chloride  of  sodium  was  totally  absent 
from  the  urine  of  pneumonic  patients  at  the  period  of  complete 
hepatisation  of  the  lung,  and  that  it  reappeared  after  the  resolu- 
tion of  the  inflammation.  The  fact  that  the  sputa  of  pneumonic 
patients  contain  a  veiy  large  quantity  of  the  chlorides,  must 
probably  be  explained  by  their  being  in  part  extravasations  and 
exudations  from  the  blood,  which  we  now  know  always  retains 
a  certain  amount  of  the  chlorides*  These  exudations  may  either 
have  been  deposited  at  the  time  when  the  Wood  yet  possessed 
an  excess  of  chlorine,  or  they  may  have  appeared  after  the 
chlorine  had  ceased  to  bo  discharged  in  the  urine  in  appreci- 
able quantities.  However,  that  may  ultimately  be  decided  by 
analysis ;  what  I  desire  to  point  out  is,  that  the  absence  of  the 
chlorides  in  the  urine  does  not  necessarily  involve  the  absence 
of  chlorine  from  exudations.  For  the  latter  are  products  of 
diseased  action  derived  dii^ctly  from  stagnant  blood,  and  cer- 
tainly not  subject  to  the  specific  laws  of  secretion.  The  pre- 
sence of  chlorine  in  sputa,  therefore,  at  a  time  when  it  is  absent 
from  the  urine,  is  not  sufficient  praof  of  a  determination  of  the 
chloride  towards  the  inflamed  lung ;  a  proposition  which,  more* 
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over,  loses  all  probability  from  the  partial  or  total  disappearance 
from  the  urine  of  the  chloride  in  all  acute  diseases.  We  may 
mention  broncliitia,  typhus,  rheumatic  fever,  pyiemia,  pleuritis, 
as  diseases  in  which  this  diminution  of  the  chlorides  has  been 
observed.  We  have  seen  the  intluence  which  different  quanti- 
ties  of  chlorine  taken  with  the  food  exert  upon  the  amount  of 
chlorine  discharged  by  the  urine  during  health.  It  is  therefore 
easy  to  believe  that  the  diet  of  patients  htis  the  j^reatest  influ- 
ence upon  the  amount  of  chlorine  in  pathological  urine ;  and 
that  the  chlorine  is  diminished  or  absent  because  these  patients 
take  little  or  no  food,  and  what  they  take  generally  contains  no 
salt  One  important  point,  however,  must  not  be  lost  flight  of, 
namely,  that  urine  containing  no  appreciable  trace  of  chlorine  is 
secreted  from  blood  containing  a  certain  amount  of  it,  from  which 
it  follows  that  the  composition  of  the  blood  is  such  as  not  to 
allow  any  further  removal  of  chlorine,  or  that  the  kidneys  have 
lost  their  secretory  activity  as  regards  chlorine,  as  well  as  with 
reference  to  water. 

The  analysis  of  the  amount  of  chlorine  in  the  urine  of  patients 
may^  therefore,  afford  an  insight  into  the  degree  of  the  patholo- 
gical action  taking  place  in  the  body.  A  continuous  decrease  of 
chlorine  in  the  urine  is  an  indication  of  the  growing  severity  of 
the  disease,  the  intensity  of  which  will  be  greatest  when  the 
chlorine  in  the  urine  falls  to  a  minimum,  say  0'5  gnn.,  or 
disappears  altogether.  This  may  be  the  combined  effect  of  an 
entire  loss  of  appetite,  copious  serous  diarrhcea,  or  other  serous 
exudations,  of  secretions  such  as  perspirations,  and  of  the  want 
of  secreting  power  of  the  kidneys.  A  rise  in  the  amount  of 
chlorine,  on  the  other  hand,  indicates  a  steady  abatement  of  the 
acuteness  of  the  disease,  and  is  a  good  measure  of  tlie  returning 
appetite  and  improved  digestive  powers  of  the  patient. 

Id  chronic  diseases  the  excretion  of  chlorine  is  generally 
diminished,  correspondingly  with  the  low  state  of  nutrition  and 
moderate  appetite  of  the  patients  of  that  class.  To  this  rule, 
however,  diabetes  insipidus  makes  an  exception — a  disease, 
during  the  enure  or  partial  course  of  which  a  considerable  ex- 
cess of  chlorine  is  discharged,  parallel  to  the  increased  amount  of 
other  solids.  In  a  case  of  that  description  Vogel  found  the 
amount  of  chlorine  discharged  by  the  urine  so  much  increased  for 
a  period,  that  on  one  day  it  was  29*0  grm.  in  weight.  The  same 
obeer^^er  found  that  dropsical  patients,  when  under  the  influence 
of  diuretics,  discharged  an  increased  amount  of  chlorine,  which 
evidently  had  passed  into  the  tissues  and  cavities  dissolved  in 
the  exudations  and  transudationa.  One  of  these  patients  dis- 
chai^ged  33-0  grm.  of  chlorine  (equal  to  55 "0  grm.  of  chloride  of 
sodium),  28*0  grm.,  and  21  grm.  of  cldorine,  on  three  successive 
days^  without  having  taken  any  more  salt  than  uaual  with  his 
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food  In  these  and  other  chronic  cases  the  amount  of  chlorijie 
in  the  urine  is  a  measure  of  the  digestive  powers  of  the  patieDt 
A  quantity  of  chlorine,  amounting  to  from  6  to  10  gnn.  for 
twenty*four  hours,  may  lead  us  to  infer  a  good  digestion ;  a 
quantity  of  chlorine,  however,  below  5  gnu.  for  the  same  time^ 
shows  impaired  nutrition,  provided  that  the  decrease  have  not 
been  preceded  by  a  diet  containing  little  or  no  chlorine,  or  by 
any  of  the  causes  which  have  been  above  enumerated,  as  dimin- 
ishing the  amount  of  chlorine  in  the  blood,  such  as  seiona 
diarrhcpa,  exudations,  and  perspirations.  An  increase  in  the 
amount  of  chlorine,  when  not  caused  by  an  excessive  ingestion 
with  the  fooii,  is  indicative  of  diabetes  insipidtis*  In  dropsical 
and  hydnemic  conditions  an  increase  of  the  amount  of  chlorine 
ia  a  favourable  symptom. 


CHAPTER     XXIII. 
SULPHUHIC  ACID  AND  SULPHATES. 


INTRODUCTION. 

Sulphuric  acid  occura  in  the  urine  in  combination  partly  with 
alkelies,  potassium,  aiid  sodium,  partly  with  lime,  as  gypsum.  It 
haa  frequently  been  maintained  (first  by  Proust)  that  there  was 
a  small  quantity  of  sulphur  present  in  urine  in  such  a  form  that 
it  escaped  precipitation  by  baryum,and  as  it  was  mostly  obtained 
by  oxydising  the  residue  of  urine  with  nitric,  it  came  to  be  called 
tinoxydised  sulphur.  From  the  researches  of  Baumann,  which 
I  have  quoted  under  the  chapters  on  indigogen,  pyrocatechin^ 
and  phenol-producing  bodies,  it  is  probable,  indeed,  in  the  case  of 
the  body  last  mentioned  it  seems  pi*oved,  that,  at  all  events  in 
the  urine  of  horses,  a  certain  quantity  of  sulphur  may  be  present, 
not  indeed  in  an  unoxydised  fonn,  but  in  a  form  of  organic  com- 
bination of  sulphuric  acid,  whereby  thia  latter  acid  loses  its 
individual  reactive  power  with  barj^ta,  and  assumes  characters  in 
which  its  former  individuality  disappears  completely.  If  any  such 
comixjuuds  are  present  in  human  urine  under  ordinary  circum- 
etances,  they  are  very  small  in  quantity,  as  any  determination  of 
the  quantities  of  the  unpreci  pi  table  sulphur  in  various  specimens 
of  urine  to  be  given  below  will  show.  There  is,  however, 
nothing  improbable  in  the  hypothesis  that  the  sulphuric  acid  of 
taurocholic  acid  or  taurine,  in  the  moment  when  it  is  set  free 
from  these  compounds,  should  be  recombiued  with  other  matters, 
in  the  same  manner  as  the  glykokoll  from  the  glykocholic  acid  is 
combined  with  a  variety  of  matters. 

But  even  the  hypothesis  of  localising  the  formation  of  these 
organic  sulphuric  acid  compounds,  and  of  tlie  glykokoll  com- 
\  pounds  in  the  space  of  hepatic  action,  is  perhaps  too  narrow, 
particularly  as  Baumann  seems  to  have  found  that  all  that  is 
required  for  the  formation  of  some  at  least  of  the  sulphuric  acid 
compounds  seems  to  be  the  presence  in  the  organism  of  a  suitable 
sulphate  and  a  suitable  organic  matter. 

Mode  of  Obtaining  Sulphates  and  Sidphuric  Acid  from  Urine, 

The  sulphates  of  alkalies  and  earths  can  be  obtained  from  urine 
by  evaporation   and  crystaUisation.     Gypsum   is  thus  easily 
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obtained,  but  sulphate  of  sodium  requires  much  maimgement 
and  the  aid  of  cold  weather.  Sulphuric  acid  can  be  isolated  by 
precipitants,  such  as  baryuni  salts ;  these  may  then  be  trmns- 
formed  into  alkaline  sulphates  by  fusion  with  alkaline  carbooat^; 
from  the  solution  of  these  latter  the  sulphuric  acid  may  be 
precipitated  by  lead  salts,  and  the  pure  lead  sulphate  may  be 
decomposed  by  hydrothioo.  The  evaporated  solution  will  leave 
the  sulphuric  acid  in  a  pure  state. 

Mode  of  Obtaining  the  OrgamcaUij  Combined  Sulphufie 
Acid  and  Sulphur  from  Urine, 

When  all  the  precipitable  sulphuric  acid  has  been  remoTed  by 
baryura  salts,  first  in  alkaline,  next  in  acid  solution,  the  clear 
filtrate  is  treated  while  hot  with  a  current  of  pure  chlorine  gas. 
The  organic  matter  is  mostly  destmyed,  and  the  sulphuric  acid 
which  is  set  free  causes  a  new  precipitate  of  barytic  sulphate  with 
the  excess  of  baryum  present  from  the  first  operation.  Another 
mode  consists  in  evaporating  the  urine  from  which  the  preci- 
pitable sulphuric  acid  has  Iveen  removed  to  dr>'ness,  destroying 
its  organic  matter  with  pure  nitrej  redissolving  the  fused  mass  in 
water  and  acidifying,  when  the  newly-formed  sulphuric  aoid 
will  remain  as  a  white  precipitate  combined  with  some  of  ttie 
excess  of  baryum  contained  in  the  mass.  In  all  these  operations 
the  greatest  caution  is  needed  to  efl'ect  a  perfect  clarification  and 
filtration  of  all  liquids  by  warming  them,  letting  them  stand,  and 
paaeing  them  through  the  densest  Swedish  filtering  paper  obtain- 
abla  All  reagents  must  be  tested  for  sulphuric  acid  with  great 
care,  and  in  quantities  such  as  are  employed  for  the  operations 
themselves.  Without  such  precautions  the  unwary  inquirer  is 
likely  to  be  led  to  snares  and  delusions. 

Mode  of  Determining  the  Quantity  of  PrecipUubk  Sulphuric  Acid 

Present  in  Urine, 

Experience  has  convinced  me  that  the  volumetrical  determina- 
tion of  sulphuric  acid  in  urine  by  baryum  salts  is  an  unsafe  pro* 
ceeding,  as  there  is  no  striking  reaction  known  by  which  the 
addition  of  volumetric  fluid  to  the  urine  to  be  tested  can  be 
limited  with  certainty. 

The  best  and  safest  method  of  determining  sulphmric  acid  ii 
by  precipitation  and  weighing.  100  ex.,  or  imy  measured  quantity 
of  filtered  urine,  are  acidulated  with  some  hydrochloric  acid,  and, 
by  the  addition  of  chloride  of  baryum  in  excess,  the  whole 
amount  of  sulphuric  acid  is  precipitated.  The  precipitate  is  then 
boUed  for  some  minutes  in  the  acid  fluid,  filtered,  washed,  and 
exposed  to  a  red  heat,  the  filter  being  incinerated  separately  on 
the  cover  of  the  platinum  crucible  or  in  a  spiral  of  jdatinom 
wire. 
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To  prevent  the  formation  of  sulphide  of  baryum  by  tlie  reduc- 
ing intluence  of  any  animal  matter  which  may  have  been  inti- 
mately mixed  with  the  precipitate,  it  is  advisable  to  add  a  Httle 
nitric  acid  to  the  sulphate  in  the  crucible,  after  it  has  got  cool 
from  the  first  heating.  It  is  then  again  heated  for  a  short  time, 
and,  after  cooling,  may  now  be  weighed 

The  formula  of  the  product  is  BaSO^  and  it  contains  58  79 
percent.  Ba, 

Qua^UUy  of  Prccipitable  Sulphuric  Acid  Discharged  hy  HcaUhy 
PtTions  during  Twenty-Four  Hours, 

Tlie  average  amount  of  sulphuric  acid  discharged  during 
twenty-four  hours  by  healthy  yonng  men  fluctuates  t*etween 
I'D  and  2 '5  grm.  Vogel  and  Gruner  have  made  some  direct 
observations  of  the  quantities  of  sulphuric  acid  secreted  during 
every  single  hour  of  the  day,  and  have  found  the  average  of 
one  hour  to  be  0.(^9  grm. 

The  average  for  every  single  hour  of  the  forenoon  they  found 
0  06  grm.,  for  one  liour  of  the  afternoon  0*1  grm,,  for  one  hour 
of  the  night  0*07  grm.  From  this  it  appears  that  the  largeM 
am&mU  per  hour  of  sulphuric  acid  is  discharged  a  few  hmtrs  after 
the  principal  meal  of  the  day,  Ths  quantity  then  begins  to  dc- 
create,  arui  continues  so  with  every  hmir  up  to  the  prificipai  mecU 
of  the  ncai  day,  after  which  it  again  rises. 

In  some  indi\iduals  the  dischai^e  of  sulphuric  acid  is  effected 
more  rapidly  than  in  others,  in  whom  the  total  average  for  the 
twenty-four  hours  is  spread  more  equally  over  that  t[n»e.  The 
former  may  have  an  hourly  average  varying  between  Otr«17  gi'm. 
and  O'OIG  grm.,  or  between  0165  grm,  and  so  small  a  quantity 
that  it  cannot  be  determined. 

'Phydologiml  Origin  of  the  Precipitahle  Sulphuric  Add. 

Though  the  analysis  of  food  has  shown  that  a  certain  amount 
of  sulphuric  acid  in  the  form  of  sulphates  is  being  taken  daily, 
yet  tMs  is  not  sufhcient  to  account  for  the  whole  amount  dis- 
charged by  the  urine.  This  excess  of  sulphuric  acid  over  the 
amount  ingested  as  such  is  undoubtedly  due  to  the  oxydation  in 
the  body  of  the  sulphur  which,  as  we  know,  enters  into  the  con- 
stitution of  albuminous  substances.  As  the  greater  part  of  our 
albumen  is  taken  in  the  form  of  meat,  it  is  a  reasonable  supposi- 
tion that  the  greater  part  of  the  sulphuric  acid  in  the  urine  of 
weU-living  people  is  due  to  the  oxydation  of  the  sulphur  con- 
tained in  the  meat  they  eat  In  accordance  with  this  it  has  been 
found  that,  under  a  diet  consisting  principally  of  meat,  the 
amount  of  sulphuric  acid  discharged  in  the  urine  may  be  double 
or  three  times  the  amount  of  the  oKlinary  average.  On  the  other 
hand,  a  purely  vegetable  diet  has  been  found  to  make  the  amount 
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of  eulphuric  acid  sink  considerably  below  the  average  under 
ordinary  mixed  diet  Lelimann,  while  living  on  ordinary  mixed 
food,  found  7026  grm.  of  sulphuric  acid  in  the  urine  of  twenty- 
four  hours.  But  when,  during  twelve  succesaive  days,  he  con- 
hued  himself  to  animal  food  exclusively,  the  sulphuric  acid  roee 
to  10-399  groL  per  day.  Under  an  exclusively  vegetable  diet  it 
fell  to  5 '846  grm.  for  twenty-four  hours.  These  quantities  are 
very  high,  and,  like  other  observations  of  Lehmann's  upon  him- 
self, do  not  permit  any  conclusion  as  to  the  average  quantitiee 
secreted  by  other  persans.  But  in  itself  the  experiment  is  as 
conclusive  as  the  following  ones:— Vogel  examined  the  urine  of 
a  person  whose  ordinaiy  average  for  twenty-four  hours  was  2*02 
gnn.  of  sulphuric  acid.  That  person  took  a  lai^ge  supper  of 
meat  prinicipalH%  in  consequence  of  which  the  dischat^  of  sul- 
phuric acid  by  the  urine  rose  to  0*5  gmi.  per  hour  between  mid- 
night and  nine  o  clock  next  morning ;  the  ordinary  average  per 
hour  for  that  time  of  the  day  having  been  0*1.  During  the 
subsequent  twenty-four  hours  the  amount  of  sulphuric  acid  roee 
to  7*3  grm.,  being  more  than  three  times  the  ordinary  average  of 
2*02  grnL  It  was  observed  by  Vogel  that  the  rise  and  fall  of 
the  amount  of  sulphuric  acid  in  the  urine  of  several  other  per- 
sons was  mainly  dependent  upon  the  amount  of  sulphur  taken 
with  their  albuminous  food ;  and  that  when  farinaceous  food, 
containing  only  a  small  amount  of  gluten,  such  as  bread  and 
butter,  rice,  and  similar  foot!,  was  taken,  tbe  amount  of  sulphuric 
acid  in  the  urine  felL  The  same  observation  was  made  by  Clare, 
in  a  series  of  experiments  which  he  performed  upon  himself. 
During  three  days  he  lived  on  meat  only,  and  at  the  end  of  those 
three  days  he  had  discharged  the  respective  amounts  of  sulphuric 
acid  as  follows  : — On  the  first  day,  2*094  grm. ;  on  the  second 
day,  5130  grm. ;  on  the  third  day,  3*868  grm.  He  then  during 
two  days  ate  common  mixed  diet,  and  discharged  on  the  fourth 
day  of  the  exjieriment,  3592  grm. ;  and  on  the  fifth,  2262  grm, 
of  sulphuric  acid.  The  next  three  days  he  restricted  himself  to 
vegetable  diet,  and  discharged  on  the  sixth  day  of  the  experi- 
ment^ 2"262  grm.;  on  the  seventh,  1*394  grm;  on  the  eighth, 
1*022  grm.  On  the  ninth  and  tenth  day  he  again  took  bis 
ordinary  diet,  and  secreted  1*979  and  2*859  grm,  of  sulphuric 
acid  on  each  day  respectively. 

These  data  exhibit  quite  clearly  that  the  influence  of  the  meat 
diet  showed  itself  on  the  second  day  of  the  experiment  only,  in 
which  point  the  observation  differs  from  that  of  Vogel,  in  which 
the  rise  in  the  quantity  of  sulphuric  acid  took  place  already 
during  the  night  and  on  the  morning  following  the  meat  supper. 
However,  this  later  appearance  of  the  increase  is  compensated  for 
by  its  lasting  so  much  longer*  that  the  urine  of  the  fourth  day, 
lieing  the  first  of  the  ordinary  mixed  diet,  is  yet  under  the 
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iutliieiice  of  the  meat  diet  of  the  previous  day,  tlie  iirst  day  of 

vegetable  diet  ia  yet  under  the  iaflueDce  of  the  previous  day  of 

mixed  diet,  and  the  diminution  of  the  sulphuric  acid  by  the 

[vegetable  diet  lasts  yet  over  the  whole  ninth  day,  when  ortlinary 

[  diet  was  already  taken. 

Such  are  the  circumstances  on  which  the  amount  of  sulphuric 
acid  in  the  urine  ordinarily  depends.  There  may,  however,  be 
accidental  causes  which  increase  the  sulphuric  acid,  and  as  such 
must  be  assigned  the  internal  use  of  sulphur,  sulphurets,  sul- 
phuric acid,' and  sulphates. 

The  internal  use  of  sulphur  has  been  found  by  Krause  to 
increase  the  amount  of  sulphuric  acid  in  the  nrina 

It  was  observed  by  Boecker  and  Clare  that  large  doses  of  red 
sulphuret  of  antimony  caused  a  rise  in  the  amount  of  sulphuric 
acid  in  the  urine. 

The  action  of  the  sulphuretted  mineral  waters,  which  ia 
generally  ascribed  to  the  formation  of  sulphuric  acid  in  the 
body,  forms  an  interesting  subject  for  inquiry  in  this  direction. 

As  to  sulphuric  acid,  it  was  observed  by  Vogel  that  it  in- 
creased in  the  urine  of  a  patient  who  had  taken  it  for  the  cure 
of  hflBmoptiais  from  1'2  to  30  ond  3"28  grammes, 

Gruner  made  some  observations  regarding  the  influence  of 
sulphates,  and  found  that  sulphate  of  sodium,  w^hen  taken  in- 
ternally, caused  a  considerable  increase  in  the  amount  of  sul- 
phuric acid  in  the  urine.  In  one  experiment  the  hourly  quantity 
rose  from  0  049  grm.  to  0122,  0'17G»  0  145,  and  0  220^grm.  lii 
another  experiment  the  rise  w^as  equally  well  marked,  namely, 
from  0  041  grm.  to  0*138,  0122,  and  0164  grm.  The  time 
required  by  the  organism  to  discharge  the  excess  of  sulphuric 
acid  varied  in  different  experiments. 

The  influences  which  different  physiological  conditinos  of  the 
body  may  have  upon  the  amount  of  sulphuric  acid  in  the  urine 
it  has  not  yet  been  possible  to  ascertain.  We  do  not  know 
whether  the  organism  requires  a  certain  amount  of  the  sulphates, 
below  which  secretion  cannot  be  carried  on,  or  whether  sulphates 
may  be  retained  and  accumulated  in  the  economy.  According 
to  some  experiments  of  Clare  and  Gruner,  the  influences  of  rest 
and  activity,  and  of  the  ingestion  of  large  quantities  of  water 
into  the  stomach,  did  not  appear  materially  to  affect  the  amount 
of  sulphuric  acid  in  the  urine.  The  prolonged  use  of  sulphates 
in  so-called  digestive  doses  is  decidedly  weakening,  and  this 
depressing  action  may  be  due  to  an  accumulation  of  the  salts  in 
the  system,  \\lien  to  this  it  is  added  that  sulphate  of  sodium  in 
larger  doses  is  an  emetic  and  sulphate  of  potassium  a  poison,  the 
question,  after  the  significance  of  the  variations  of  sulphuric 
acid  and  sylphates  in  the  urine,  becomes  one  of  sufficient  im- 
portance to  fix  the  attention  of  future  inquirers. 

T 
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Qimntitt/  of  Preeipttable  Sulphuric  Acid  in  Disease, 

The  observations  hitlierto  made  ou  this  point  have  not  yielded 
any  ver}^  decided  result.  Vogel  found  sulphuric  acid  consider- 
ably diminished  in  most  acute  febrile  diseases.  As  patients 
suffering  from  these  diseases  take  little  food,  and  that  little 
luostly  of  a  vegetable  nature,  the  dimiQution  is  partly  accounted 
for.  The  same  observer  found^  however,  exceptions  to  hi»i 
general  rule  in  three  patients  affected  with  violent  pneumonia. 
In  these  coses  the  amount  of  sulphuric  acid  discharged  was  con- 
siderably above  the  normal  average.  The  first  patient,  who  was 
treated  with  large  duses  of  digitalis,  secreted  the  following  quan- 
tities of  sulphuric  acid  on  nine  respective  days: — 24,  '6%  2"9^J 
57,  4*3,  1-8,  I'i,  1*6,  2  7  gmi.  Of  the  two  other  cases,  which' 
took  a  rapidly  fatal  turn,  the  hret  showed  the  amount  of  sul- 
pliuric  acid  to  be  2  "9  and  1'4  grm,  on  two  respective  days,  the 
other  on  the  day  of  decease,  44  grm.  On  contraating  these  tigorea^ 
with  those  obtained  in  cases  where  the  amount  of  sulphuric  acid 
is  less,  the  difference  becomes  very  stnking.  In  a  man  with 
diphtheritis  buccalis  Vogel  found  only  0'5  grm.  of  sulphuric  acid 
for  the  day.  In  a  patient  with  febrile  catarrh  it  was  0-29  and 
0,38  grm.  A  man  affected  with  pleuritis  secreted  063  grm.  A 
girl  sufiiering  from  rheumatic  fever  discharged  0*8  gnu,  at  the 
l^eight  of  the  disease,  another  with  erysipelas  of  the  face  0-48  grm. 

In  chronic  diseases  Vogel  found  the  amount  of  sidphuric  acid 
to  be  variable,  l>ut  mostly  below  the  normal  average ;  and  it  re- 
mained so  in  cases  where  the  secretion  of  chlorides  could  be 
vastly  increased  by  administering  diuretics,  as  in  cases  of  dropsy. 
An  increase  in  the  tuuount  of  sulphuric  acid  discharged  by 
patients  affected  with  chronic  disease  could  only  be  observed 
after  the  ingestion  into  the  stomach  of  sulphuric  acid  and  sul* 
phates,  and  in  diabetic  patients  after  a  liberal  meal  of  meat 

Thus  a  patient  labouring  under  ictenis  secreted  1*4  grm.  of 
sulphuric  acid  ;  a  case  of  rheumatism  of  the  neck  gave  1-11 ;  a 
case  of  emphysema  of  tiie  lungs,  1^2  grm.  A  case  of  amenoiThoea 
showed  0'5;  of  fluor  albus,  0*7;  of  habitual  hypermonorrhcea, 
0*97  and  I'l  grm,  A  dropsical  patient  who,  under  the  influence 
of  diuretics,  secreted  33  grm.  of  chlorine  during  twenty-four 
hours,  discharged  only  1  grm.  of  sulphuric  acid  during  the  same 
time ;  and  on  the  day  following,  with  28  grm.  of  chlorine,  only 
0'5  grm.  of  sulphuric  acid.  A  patient  who  took  sulphuric  acid 
internally,  secreted  more  than  3*0  grm*  of  it  during  twenty-four 
hours^  and  a  patient  affected  with  diabetes  insipidus  discharged 
5'2  grm* 

Patlwlogical  Indications. 

If  there  can  be  no  doubt  about  the  origin  of  sulphuric  acid, 
the  determination  of  its  quantity  in  the  urine  must  be  useful 
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for  deteiTLiining  the  amount  of  disintegration  of  albumiooiis 
matters  in  the  syBtem,  in  cases  where  the  ingestion  of  sulj^hiir  in 
any  form  or  combination  is  very  low  or  altogether  suspended. 
The  amount  of  sulphuric  acid  would  then,  perhaps,  correspond 
in  a  certain  degree  with  the  amount  of  urea,  supposing  their 
inclination  to  pass  the  kidneys  to  he  equally  great.  But  upon 
this  point  there  are  yet  doubts.  Where  we  tind  both  urea  and 
sulphuric  acid  in  increased  i[uantitie8,  we  may  be  sure  that  it  is 
due  to  the  oxydation  of  a  large  quantity  of  animal  matter  intro- 
duced into  the  stomach,  to  animal  or  meat  diet.  A  considerable 
diminution  of  the  quantity  of  sulphuric  acid,  on  the  other  hand, 
indicates  that  tlie  patient  has  been  taking  little  or  no  animal 
food,  little  or  no  vegetable  food,  or  no  food  at  all.  Of  course, 
all  these  features  may  be  constant  or  accidental.  A  sudden  rise 
in  the  amount  of  sulphuric  acid,  but  of  short  duration,  would, 
under  all  circumstances,  have  to  be  referred  to  the  ingestion  of 
sulphur  in  some  of  its  combinations,  oi^anic  or  inorganic. 

The  rehitions  of  sulphuric  acid  to  the  processes  of  the  animal 
economy  are  by  no  means  simple.  Intrtfduced  in  an  organic 
combination,  sulplmr  becomes  oxydized,  and  in  the  form  of  the 
acid  lias  to  join  a  base.  It  would,  of  course,  deprive  another 
base  of  its  acid  by  the  right  of  the  stronger.  The  neutral  phos- 
phates are  thus  most  probably  deprived  of  some  part  of  their  base. 

Sulphuric  acid  or  sulphates  are  not  present  in  the  juices  of 
flesh,  as  was  first  ascertained  by  Berzelius,  and  afterwards  con- 
firmed by  Liebig.  For  the  precipitate  which  baryta  causes  in 
the  juice  is,  in  many  cases,  entiraly  soluble  in  nitric  acid;  and 
if  8  precipitate  of  sulphate  of  bar}^um  remain  undissolved,  its 
quantity  is  so  small  that  it  cannot  be  determined  by  analysis, 
even  from  so  large  a  quantity  of  Hesh  as  that  of  an  entire  fowl 
or  an  entire  fox. 

The  use  of  beef-tea  and  extract  of  meat,  which  increases  the 
secretion  of  phosphates  and  chlorides,  paiticuhirly  of  potassium, 
will  not  directly  intkience  the  secretion  of  sulphates  by  the  urine. 
The  production  of  sulphuric  acid  then  being  appai'ently  confined 
to  the  blood,  it  becomes  a  question  of  high  importance  whether  the 
action  of  the  kidneys  does  not  in  part  consist  in  the  final  oxyda- 
tion, or  that  stage  of  disintegi-ation  of  albuminous  matter  in 
which  sulphur,  in  the  form  of  sulphuric  acid,  leaves  the  oi-ganic 
combination,  joins  a  base,  and  appears  in  the  urine. 

Albumen  contains  1*6  per  cent,  of  sulphur  and  04  per  cent, 
of  phosphorus.  White  of  eggs  contains  more  sulphur  than  albu- 
men from  blood.  Casein  contains  0*84  per  cent,  of  sulphur. 
We  may  trust  soon  to  know  all  intermediate  stages  of  matter 
from  albumen  down  to  urea  and  sulphuric  acid,  when  the  ana- 
lysis of  these  substances  in  the  urine  will  be  of  still  greater  value 
than  even  at  present  we  anticipate. 
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In  horses  the  ingestion  of  sulphate  also  increases  the  quantity 
in  the  urine.  Thus  in  the  urine  of  a  horse  which  on  account  of 
colic  has  been  treated  with  magnesia  sulphate,  hyposulphite  of 
soda  and  some  aromatics,  a  deposit  of  crystallised  gypsum  was 
observed  by  Feser  and  Friedberger  ("  Zeitschr.  f.  Pract.  Veteri- 
narwissensch."  Bern,  2  (1874),  Nr.  1  and  2,  and  ibid.  3  (1875), 
p.  11).  Here  the  gypsum  was  deposited  spontaneously  from 
probably  acid  urine.  When  to  urine  of  horses,  which  have  had 
a  quantity  of  sulphate  given  to  them,  acetic  acid  is  added,  until 
all  carbonate  of  lime  is  decomposed  and  the  urine  is  acid^ 
gypsum  in  crystals  is  deposited. 


CHAPTER    XXIV. 

HYPOStTLPHUEOUS  ACID,   S^O^,  Am>  SULPHUROUS 

ACID,    SO^. 


HISTOIIY  AND  LITERATURE. 

SCHONBEIN  ("Journ.  f.  Pract.  Chem/'  92  (1864),  166)  dis- 
covered that  when  normal  human  urine  ia  treated  with  amalga- 
mated zinc  and  sulphnric  acid,  it  evolves  bydroihion  with  the 
excess  of  hydrogen  produced  by  the  reaction.  The  same  re- 
action was  studied  by  Sertoli  ("Rendic.  d.  Istitut  Fisiolog.  di 
Pavia/'  1869)  upon  the  urine  of  men,  horses,  and  doga,  and  in- 
terpreted as  belonging  to  a  body  which  is  precipitable  by  neutral 
lead  acetate,  soluble  in  ammonia,  alcohol,  and  ether,  and  on  being 
heated  to  100''  with  dilute  acids,  decomposes,  one  of  its  products 
beiug  hydrothiom  These  reactions  seemed  to  point  to  either 
sulphurous,  hyposulphurous,  or  sulphocyanic  acid.  Of  these 
hyposulphuroim  was  actually  discovered  in  the  urine  of  dogs  and 
cats  by  Scliniiedeberg  ("Archiv.  d  Heilk/'  1867,  p*  422),  and  the 
observation  w^aa  afterwards  confirmed  by  Meisaner  (^'Zeitchr  f. 
Ration,  Med."  31  (1868),  322). 

Mode  of  Dkc&vtrintj  the  Prtunm  of  HypoBHlpkwrous  Acid  in 

Urine, 

The  urine  is  mixed  with  hydrochloric  acid  and  allowed  to 
fitand  in  a  cold  place.  If  it  contains  h}T>o sulphurous  acid,  a 
precipitate  of  sulphur  in  a  state  of  tine  division  will  settle,  along 
with  some  colouring  matter  and  uric  acid.  This  fiuely-divided 
sulphur  is  very  soluble,  even  in  alcohol  and  ether,  and  must 
therefoi'e  not  !)e  washed  too  much  with  these  agents*  It  may  be 
dried  on  a  filter  and  extracted  with  disnlphide  of  carbon,  pre- 
viously distilled  to  prove  its  purity.  On  evaporation  it  will  leave 
the  sulphur.  This  is  easily  recognised  by  its  colour,  fusion,  and 
combustion  with  a  Idue  thxnie  evolving  the  odour  of  sulphurous 
acid.  After  the  decomposition  of  the  hyposulphnrous,  the  urine 
contains  sulphurous  acid  in  solution*  The  reactions  of  both 
acids  may  therefore  be  considered  together. 
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ReadumB  cf  Hypomdpkmram  AciJL 

It  does  not  exist  in  the  free  state,  and  cannot  be  distiUed. 
The  solutions  of  its  salts  give  white  precipitates  with  plambtc, 
mercuric,  and  argentic  salts,  which  become  quickly  yellow^ 
brown,  and  black,  particularly  on  warmings  fomuDg  sulphide 
Stannous  chloride  yields  a  brown,  mercurous  nitrate  immeaiaialy 
a  black  precipitate*  Hypochlorite  of  sodium  or  chlorine  trans- 
form the  enHre  amount  of  sulphur  into  sulphuric  acid,  already  al 
the  ordinary  temperature.  Many  of  these  reactions  are  at  times 
observed  in  operations  upon  human  urine  in  a  more  or  less 
marked  manner. 

Riuctions  of  Sulphurmii  Acid, 

Sulphurous  acid  can  be  distilled  unchanged,  and  is  recoffnis- 
able  by  it^  odour.  Its  neutral  salts  with  alkalies  are  soluble  in 
water,  those  of  other  bases  insoluble,  but  soluble  in  excess  of 
sulphurous  or  hydrochloric  acid.  They  are  easily  transformed 
iuto  sulphates  by  heating  with  concentrated  nitric  ai^id,  by 
chlorine,  hypochlorous  ftci(i»  or  iodioe,  no  sulphur  being  preci- 
pitated.  Baric  chloride  produces  a  white  pulverulent  precipitate 
in  sulphites,  which  is  insoluble  in  water,  but  soluble  in  hydro- 
chloric acid.  If  hypochlorite  of  sodium,  or  chlorate  of  potas* 
sium,  or  iodine,  is  added  to  this  solution,  sulphate  of  baryum  is 
immediately  deposited.  Plumbic  acetate  precipitates  white  sul- 
phite, easily  soluble  in  dUute  nitric  acid.  Argentic  niti^le 
gives  a  white  precipitate  which  on  boiling  blackens,  yielding 
metal  and  sulphuric  acid.  Mercurous  nitrate  gives  a  grey  pre- 
cipitate of  metallic  mercury.  Metallic  zinc  and  hydrochloric 
acid  reduce  sulphurous  acid  to  hydrothion,  which  can  be  shown 
to  be  formed  by  its  blackening  lead  paper. 

Mode  of  Ohtuining  Htjpo^dphxtt  of  Banjtim  from  Urine  of 
Doff$  or  Cats, — Schmiedeberg  treated  the  urine  of  these  animals 
with  milk  of  lime  and  nitrate  of  calcium  ;  removed  the  lime  from 
the  tilt  rate  by  carbonic  acid,  neutralised  the  filtrate  with  acetic 
or  nitric  acid,  and  precipitated  by  basic  plumbic  acetate.  The 
plumbic  precipitate  he  decomposed  with  ammonic  carbonate,  de* 
colorised  the  solution  with  animal  charcoal,  heated  it  with  a 
sufficiency  of  caustic  baryta  to  expel  all  ammonia.  ^te^l 

any   excess   of  baryta  by  carbonic  acid,   and   ev..  tbe 

filtrate  to  crystallisation. 

Meissner  treated  the  urine  with  Imryta  water  in  excess,  evapo- 
rated the  fUtratr,  precipitated  it  with  alcohol,  and  extracted  the 
precipitate  with  boiling  wat^r  On  evapomting  the  solution  and 
allowing  it  to  cool  he  obtained  hyposulphite  of  baryum  in 
crystals.  This  ac^^omit  is,  however,  extremely  doubtful,  as  uo 
means  were  employed  to  sepanite  the  mass  of  urinary  salta  from 
the  hyposulphite* 
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Mode  of  Estimaiing  the  QmmtUy  of  Snlphur  irhuh  is  Present 
in  Urine  in  a  Form  7iol  Sulphuric  Acid, 

That  there  was  a  small  quantity  of  sulphur  present  in  humati 
urine^  which  could  not  be  precipiUted  from  the  acidified  liquid 
by  BaClg  was  Jirst  shown  by  Eonalds  (''  PhiL  Trans/'  1847, 
p.  461).  This  inquirer  determined  the  precipitable  sulphuric 
acid  on  the  one,  and  the  acid  obtainable  by  oxydation  of  the 
residue  of  urine  with  nitre  on  the  other  hand,  and  found  the 
amount  of  sulphur  not  being  sulphuric  acid,  and  which  be 
supposes  to  have  been  in  organic  combination,  to  have  been  the 
following  in  6  men  in  24  hours  each: — (1.)  4639  grains;  (2.) 
3-715  gr,;  (3.)  41*98  gr. ;  (4.)  3'866gr.;  (5.)  3*247  gr.  Griffitba 
(**  Med  Gaz/*  March  1848)  found  4  0  gr.  of  sulphur  of  this  tind 
in  the  urine  of  a  healthy  man,  which  contained  36  grains  of 
sulphuric  acid  When  he  took  some  sulphur  internally,  he 
passed  76  grains  of  sulphuric  acid,  and  7  to  8  grains  of  sulphur 
in  the  other  form.  After  the  publication  of  Sertoli,  Lctbisch 
("Ben  Wien,  Akad."  63  (1871,  Marz.)  ii.)  also  estimated  the 
amount  of  sulphuric  acid  and  of  sulphur  in  the  unknown  form 
contained  in  four  specimens  of  urine.  Aa  a  preliminary,  he 
removed  uric  acid  by  precipitation  with  acid»  which  seems  a 
hazardous  proceeding,  considering  his  object  He  then  precipi- 
tated the  sulphuric  acid  with  BaCl^  in  one  portion  directly,  and 
in  another  portion  after  treatment  with  potassic  cldorate,  until 
chlorine  was  developed,  Tlie  ditlerence  of  sulphuric  acid  thus 
obtained  from  equal  quantities  of  urine  gave  him  the  measure 
for  the  amount  of  sulphur  not  present  aa  sulphuric  acid.  He 
found  in  four  experimeTits  with  100  c.c,  of  urine  each,  the  follow- 
ing quantities  of  SO3,  which  was  precipitable  only  after  oxyda- 
tion :—(!.}  0  011  gim;  (2.)  0  012  grm. ;  (3)  0000  gnn.  f  (4.) 
0'003  gim.  He  took  the  mean  from  his  first  three  observations^ 
without  saying  why  he  omitted  the  fourth,  as  0  0104,  and 
assuming  a  healthy  man  to  excrete  1500  c.c,  of  urine  per  day, 
calculated  the  amount  of  sulphur  contained  in  it,  in  the  non-pre- 
cipitable  form,  to  be  represented  by  01 56  gnn.  SO3. 

Already,  before  1870,  I  had  made  a  great  number  of  determi- 
nations of  the  quantity  of  this  variety  of  sulphur  contained  in 
healthy  urine,  and  in  the  urine  from  typhus  patients.  I  re- 
moved the  sulphuric  acid  from  the  urine,  partly  in  alkaline 
solution,  with  the  bar)'ta  mixture  employed  in  Liebigs  urea 
estimation,  partly  in  acid  solution ;  and  I  then  oxydised  the 
Don 'precipitated  sulphur  by  chlorine  gas  conducted  into  the  hot 
mixture.  During  this  operation  the  urine  frequently  became 
orange,  then  red,  next  pale,  lastly  colourless.  On  heating  the 
white  turbidity  which  had  formed  became  deposited,  and  was 
found  to  be  baryum  sulphate.     The  heating  must  be  carried  out 
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cai^oualy,  aa  little  explosions  of  chloride  of  nitrogen  are  apt  to 
occur*  Ib  most  experiments  the  product  remained  flaky  for  some 
time^  probably  from  free  sulphur  (which,  in  the  case  of  the 
decomposition  of  hyposulphitas,  is  ^vrays  flaky  and  soft).  It  is 
not  certain  whether  all  the  sulphur  is  oxydised  in  this  process, 
or  whether  some  may  not  escape  while  the  fluid  is  being  treated 
with  chlorine. 

The  following  estimations  were  made  for  purposes  of  com* 
parison  : — 

QuaiUiiaiive  £sg^mmL — Total  urine  of  24  hours,  1080  aa 
It  was  divided  in  three  puts  of  360  ex.  each  (A)^  (B),  (C).  which 
were  treated  as  follows : — 

(A)  was  treated  with  chlorine  gas,  precipitated  by  BaCl^  to  get 
total  H^SO.,  from  sulphate  and  unknown  sulphur  compounds. 
It  amounted  to  20270  grm. 

(B)  was  treated  with  HCl,  precipitated  with  BaCl^,  which  gave 
precipitate  (a).  The  filtrate  was  heated  with  CI,  and  gave  precipi- 
tate (&). 


BaSO, 


iSi) 


Total,    21610    „ 

(C)  was  treated  with  Liebig's  baryta  solution.  The  washed  pre- 
pitate  was  extracted  with  HCl,  to  separate  phosphate.  The  in- 
soluble  part  was  (a),  and  the  solution  treated  with  CI  gave  (i). 

(^)  =  l"8480gnn,  BaSO^, 


Total,     2  0540     ,, 

Total  sulphur  in  the  unknown  foroi  in  1080  ac.  =  007128 
grm.,  assuming  minimum  of  3x01730  grm.  sulphate.  If  100 
grm.  dry  albumen  contain  1*6  grm.  fcis  then  007128  grm.  S 
represent  4'44  grm.  dry  albumen. 

£xpcrimeiits  upon  Urme,  viixed  with  Sulphuric  Acid,  hy  wkiak 
Sulphurous  Acid  is  Obtained  in  (he  DidiUatts. 

Urine  (500  ex.)  was  mixed  with  one-eighth  of  its  weight  of 
concentrated  sulphuric  acid  and  distilled.  It  was  evident  from 
the  change  of  colour  that  this  acid  effected  a  much  greater 
cliemolytic  action  tbau  the  acids,  oxalic  and  pliosphoric,  employ^ 
in  some  former  experiments. 

The  tirst  50  c.c.  of  distillate  which  passed  over  contained 
neither  sulphuric  nor  sulphurous  acid.  The  subsequent  dis- 
tQUtes  all  contained  Hulpkuroiu  mid.  For  the  identiti cation  of 
this  acid  three  reactions  were  relied  upon. 
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1.  Nitric  acid  and  baijnmi  chloride  quickly  gave  a  deposit  of 
baryiim  sulphate.  The  latter  was  analysed  by  fusion  in  potash, 
and  subsequent  determiiiatiou  of  the  baryum  and  sulphuric 
acid. 

2.  lodate  of  potassium,  hydrochloric  acid,  and  starch  solution, 
all  dilute,  produced  an  almost  imuiGdmi^  blue  preeipitaie  of  iodide 
of  stank,  due  to  the  reduction  of  the  iodic  acid  by  the  sul- 
phurous, 

3.  Metallic  zinc  (previously  proved  to  be  free  from  sulphur) 
and  hydrochloric  acid  when  added  to  the  distilhite  produced  an 
immediate  evolution  of  sulphuretted  hydrogen,  which  coloured 
lead  paper  black. 

These  tests  are  diagnostic  of  sulphurous  acid;  sulphocyanic 
acid,  which  also  yields  these  tests,  being  excluded  by  the  absence 
of  the  colour  reaction  with  ferric  chloride  ;  other  teats  were,  how- 
ever, also  tried,  and  all  gave  attirniative  evidence. 

Sidphuroi^  Acid  in  the  DistiUatesfrafn  Extracts  of  Urine, 

The  extracts  of  urine  descnbed  under  the  chapters  on  nro- 
chrome  and  its  products,  were  decomposed  with  concentrated 
srdphnric  acid  and  subjected  to  distillation.  These  distillates 
always  contained  considerable  quantities  of  acdic  m\A  formic  acid 
(12th  Kep,  of  the  Med  Officer  of  the  Pmy  Council.  1870;  Ap^ 
pendix  Xr.  12,  p.  274),  besides  hinzoie  ariff^  and  an  oil.  The 
baryum  salt  of  acetic  and  formic  acid  werepuritied  by  crystalli-. 
Bation.  The  mother-liquoi^s  regularly  contained  a  quantity  of 
sulphuratts  acid,  easily  identitied  by  nitric  acid  and  boiling,  or  by 
iodic  acid  and  starch,  or  by  ziac  and  hydrochloric  acii  The 
distillates  never  contained  any  sidphuretted  hydrogen,  no  prussic 
acid,  and  no  sulphocyanic  acid.  But  they  always  contained  some 
nitrom  acid.  In  the  baryta  salts  the  reaction  for  sulphurous 
acid  was  soon  lost,  and  iodic  acid  failed  to  give  any  reaction  with 
starcL  But  now  potassic  iodide  with  starch  and  sulphuric  acid 
gave  a  blue  reaction,  I  preserve  a  quantity  of  53  grm.  of  barjiim 
salt,  eveiy  pinch  of  which  now  gives  this  reaction  for  nitrous 
acid,  as  foimerly  it  gave  that  for  sulphurous  acid.  Therefore 
both  Lehniann  and  Bence  Jones  seem  to  have  been  correct  in 
part  in  their  controversy,  Bence  Jones  by  maintaining  the 
presence  of  nitrous  acid  in  these  distillates,  Lehmann  that  of 
sulphurous  acid ;  but  each  was  somewliat  in  error,  Bence  Jones 
by  overlooking  the  sulphurous  a.cid,  Lehmann  by  denying  the 
nitrous. 


CHAPTER  XXV, 

?1YDR0THI0N,  H^S.  AND  HYBEO-SULPHOCYANIO 
ACID,  CNSfl. 


INTEODUCnON. 

Hydrothion  has  been  found  iu  urine  under  ditferent  circxun- 
stauces,  the  most  common  being  a  state  of  deeompositiou  engen- 
dered ill  the  urine  by  disease  of  the  bladder  or  neighbouring 
organs.  In  these  cases  the  urine  is  mostly  alkaline.  Neubauer, 
however,  observed  the  case  of  a  man  who  was  gouty  and  para- 
lysed in  both  legs,  and  discharged  periodically  urine  which  was 
feebly  acid,  light  yellow,  formed  a  sediment,  and  blackened 
immediately  a  piece  of  paper  soaked  with  lead  acetate  held 
above  it 

The  volatility,  the  smell,  and  the  power  to  blacken  lead  paper 
characterise  hydrosulphiuic  acid  sutiiciently.  The  determination 
of  its  quantity  can  be  effected  by  expelling  it  by  heat,  and 
passing  it  throngh  arsenious  acid,  and  weighing  the  yellow  sul- 
phide formed 

Treviranus  found  that  saliva  gave  a  red  coloration  with  ferric 
chloride.  That  this  was  due  to  hydro^suipfiocyanic  acid  was  dis- 
covered by  Tiedemann  and  Gmelin('*Die  Verdauung,"  etc,  1  (1826), 
22),  They  believed  it  to  be  present  as  potassium  or  sodium 
compound.  Leared  ("  Proceed/Royal  Soc"  16  (1870),  IB)  then 
discovered  a  number  of  reactions  upon  blood  and  urine,  from 
which  he  concluded  that  these  liquids  normally  contained  sul- 
phocyanides.  This  view,  as  regards  the  urine,  has  lately  been 
supported  by  Gscheidlen  (PHiiger's  "Archiv/'  14  (1876),  401). 
He  removed  the  sulphates  and  phosphat^*s  by  baryta,  evaporated 
the  filtrate  to  a  syrup,  extracted  with  alcohol,  evaporated  the 
alcohol,  dissolved  the  residue  in  water,  decolorised  the  solu- 
tion with  a  little  animal  charcoal,  and  added  ferric  chloride  to 
the  filtrate.  The  intensely  red  colour  produced  indicated 
sulphoeyanide.  He  obtained  this  result  not  only  with  human 
urine,  but  also  with  the  urine  of  horses,  horned  cattle,  dogs,  cats, 
and  rabbits. 

He  next  concentmted  urine^  removed  sulphates  and  phosphates 
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by  baryta,  and  distilled  tlie  filtrate  with  pbosphoric  acid.  The 
distillate  was  received  over  lead  carbonate,  which  became  black 
from  hydrothion.  The  lead  was  extracted  with  water  and 
alcohol,  both  boiling,  and  the  insoluble  residue  was  treated  with 
sodic  carbonate,  to  decompose  any  insoluble  sulphocyanide  of 
lead.  The  filtrate  was  evaporated  to  dryness,  extracted  with 
alcohol,  and  the  residue,  after  evaporation  of  the  alcohol,  was 
strongly  reddened  by  ferric  chloride.  Extracts  thus  made  all 
yield  hydrothion,  with  zinc  and  hydrochloric  acid,  and  thus 
afford  some  further  information  on  the  reaction  discovered  by 
Schonbein,  and  studied  further  by  Sertoli  and  Lobiscb,  as  stated 
in  the  previous  chapter.  The  body  which  yields  hydrothion  is 
soluble  in  alcohol ;  the  part  insoluble  in  alcohol  no  longer 
yields  hydrothion.  The  alkaline  sulphocyanides  are  soluble 
in  alcohol. 

An  alcoholic  extmct  thus  made  from  fourteen  litres  of  human 
ujine  was  treated  with  milk  of  lime,  and  thereby  somewhat 
decolorised.  The  filtrate  was  again  evaporated,  and  extracted  a 
second  time  with  alcohoL  This  was  evaporated,  and  the  residue 
dissolved  in  water.  This  solution  was  divided  in  forty  equal 
parts,  each  part  was  mixed  with  neutral  lead  acetate  in  neces- 
sary quantity,  and  immediately  filtered.  The  filtrates  were 
united  and  warmed  in  the  water- bath.  After  a  short  time  they 
deposited  a  slightly  yellow  crystalline  heavy  powder,  which  was 
boiled  with  distilled  water  (!),  dried,  and  weighed  It  amounted 
to  0'1381  grm.  It  was  placed  into  a  small  beaker  find  wanned 
with  nitric  acid  on  the  water-bath,  and  yielded  0  1221  grm.  lead 
Bulphate  dried  at  100°.  This  quantity  corresponds  to  ()*37*igrm. 
lead  sulphocyanide.  These  quantitative  proportions  seem  the 
only  proof  which  Oscheidlen  gives  of  the  first  precipitaLe  having 
been  sulphocyanide  at  all.  The  cardinal  proof  of  the  presence  of 
the  nitrogen  is  wanting. 

Voit  C*  Zeitscbr.  f,  Biolog  "  1  (1865),  127,  129,  and  149)  found 
a  body  in  urine  which  contained  nitrogen,  gave  a  compound 
with  mercuric  nitrate  which  was  easily  decomposed ;  and  when 
heated  in  a  silver  dish  with  either  lime  water  or  caustic  potash, 
covered  the  silver  with  a  black  layer  of  sulphide,  and  evolved 
ammonia.  All  these  reactions  are  exhibited  by  sidphocyanides. 
The  mercuric  nitrate  can  be  used  to  separate  the  body  from 
urine.  The  precipitate  (as  obtained  in  Liebig's  urea  determi- 
nation) is  decomposed  with  hydrothion,  the  filtrate  neutralised 
with  soda,  evaporated  to  dryness  and  extracted  with  alcohoL 
The  residue  from  this  extract  dissolved  in  a  little  water  gives  the 
red  test  with  ferric  chloride.  Gscheidlen  estimated  the  amount 
of  sulphocyanic  acid  in  human  urine  to  be  about  0  0 225  grm.  in 
one  litre,  equal  to  0-0314  sodic,  or  0'0376  potassic  sulphocyanide. 
The  estimate  was  made  by  comparing  the  ferric  colorations  of  the 
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specimens  of  urine  with  coloured  sulpliocyauide  of  iron  Bolution 
of  known  strength.  The  largest  proportion  of  sulphocyanogeu 
seenia  to  occur  in  the  urine  some  hours  after  the  priucipal  meal 
of  the  day.  Gscheirlleii  ascribes  this  to  the  saUvary  function. 
When  in  a  dog  he  diverted  all  tlie  saliva,  by  cutting  the  ducts 
and  inserting  cauulas  sulphocyanogeu  no  longer  appeared  in  the 
urine.  The  pancmatic  secretion  and  the  chyle  contain,  according 
to  Lehmann  ('*  Zoochemie/*  1858,  p.  79  and  221),  no  sulpho- 
cyanide,  and  are  not  coloured  red  by  ferric  chloride,  I  have  dis- 
proved all  statements  of  .Gsclieidlen  in  a  paper  pultlished  in 
Pfliiger's  "  Archiv;"  while  this  sheet  was  going  through  the  press. 
Note  on  Sulphocyttniih:  of  LftttL — Gscheidlen  has  relied  on 
the  statement  of  handbooks  that  plumbic  sulphocyanide  was  in- 
soluble iu  cold  water,  aud  assumed  that  it  was  also  insoluble  in, 
and  not  changed  by  hot*  All  these  aud  other  data  concerning 
this  salt  to  be  found  in  text-books  are  incorrect.  Plumbic 
sulphocyanide  is  white,  not  yellow ;  it  is  little  soluble  in  cold, 
more  soluble  in  boiling  water,  and  deposits  from  this  on  cooling, 
in  splendid  white  crystals  ;  it  is  therefore  not  the  fact  that  by 
boiling  with  water  it  is  decomposed  into  an  unknown  yellow  or 
insoluble  salt,  and  an  acid  liquid  of  obscure  pmperties.  The 
warm  solution  of  pure  plumbic  sulphocyanide  in  water,  with 
sulphuric  acid  and  ferric  chloride,  gives  the  red  test;  it  also  gives 
a  blue  reaction  with  potass ic  ioJate,  sulphuric  acid  and  starch,  a 
reaction,  and  hitherto  believed  to  be  diagnostic  of  sulphurous 
flcid. 

Physiologicixl  Consideratimis  SnggttM  %  the  Different  Forms  in 
which  Sulphur  ajfpears  m  the  Urine, 

The  sulphur  compounds  besides  sulphuric  acid,  in  salts  or 
organic  combinations  which  have  as  yet  been  found  in  urine, 
whether  of  man  or  animals^  ai^  : — Hyposulphurous  and  sulphur- 
ous acid;  sulphoeyanic  acid  (alleged  by  Gscheidlen  and  Leared, 
not  found  by  Gorup-Besauez  and  myself);  hydrothiou;  taurocholie 
acid;  taurine;  cystine;  tauro-carbamic  acid.  Of  these  only  the 
three  first  acids  and  cystine  evolve  hydrothiou  with  HCl  and  zinc, 
the  other  substances  do  noL  From  this  circumstance  Kiilz 
draws  the  conclusion,  that  as  liyposulphurous  acid  and  cystine 
have  not  been  found  in  human  urine,  wliile  according  to  him 
sulphoeyanic  acid  can  be  easily  proved  to  be  present,  the  develop- 
ment of  H^S  by  HCl  and  Zn,  must  be  due  to  the  presence  of 
sulphoeyanic  acid. 

The  bearing  of  taurine  when  introdnced  into  the  stomach  of 
men  and  animals  with  ordinary  food  has  been  examined  by 
K,  Salkowsky  ("  Ber.  Deiitsch.  Chem,"  G.  v.  Heft  13).  In  men 
the  taurine  is  excreted  by  the  kidneys  as  tauro-carbamic  acid, 
C^HgNjSO^.  an  acid,  the  potassium  salt  of  which  can  be  produced 
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by  allowing  a  mixture  of  taurioe  and  potassic  cyatiate  first  to 
deliquesce  and  then  to  crystallise,  by  then  decomposing  the 
salt  with  sulphuric  acid  and  crystallising  the  acid  from  alcohol ; 
as  much  as  15  grins,  consumed  in  three  days  were  almost  com- 
pletely recovered  from  the  urine  in  this  shape.  But  when 
the  taurine  is  given  to  rabbits  with  other  food,  only  one  quarter 
remains  unattacked,  and  reappiears  in  the  nrine  as  taurine;  a 
second  quarter  of  the  sulplnir  appears  in  the  urine  as  hyposub 
phurous  acid,  and  about  half  the  sulphur  appears  as  sulphuric 
acid.  By  injecting  the  necessary  quantities  of  taurine  sulution 
into  the  stomach  of  rabbits,  the  average  amount  of  sulphuric 
acid  present  in  their  urine  could  be  increased  to  four  and 
five  fold.  As  rabbits  die  under  the  influence  of  this  treatment 
continued  for  some  time,  it  is  possible  that  they  perish  partly 
from  the  removal  of  such  quantities  of  alkali  as  are  required  by 
the  excessive  amount  of  acid  formed.  The  details  of  the  proceed- 
ings regarding  taurine  E.  Salkowsky  has  given  in  Yirchow^s 
"  Archiv,"  58,  460.  The  presence  of  hyposulphurous  acid  he 
determined  as  follows  : — The  urine  was  precipitated  with  milk  of 
lime  [  filtered,  neutralised  with  carbonic  acid  gas,  filtered  again, 
and  precipitated  with  basic  lead  acetate.  The  precipitate  was 
used  for  finding  the  hyposulphurous  acid,  the  filtrate  for  the 
taurine.  From  the  lead  precipitate  the  hyposulphurous  acid 
was  isolated  by  the  process  of  Schmiedeberg ;  or  the  urine  of 
rabbits  was  mixed  with  hydrochloric  acid,  which  caused  the 
liquid  to  show  an  opalescence  at  first,  and  then  the  sulphur 
coalesced  and  was  deposited.  The  solution  and  deposit  yielded 
to  chloroform  all  the  sulphur  which  was  obtained  in  crystals 
from  the  solvent.  The  sulphurous  acid  foniied  at  the  same 
time  he  isolated  by  distilling  the  urine  with  sulphuric  acii  The 
condensing  tube  always  exhibited  a  dew  of  sulphur,  and  the 
distillate  always  contained  sulphurous  acid,  if  the  rabbit  had 
digested  taurine ;  normal  rabbit's  urine  never  showed  any  trace 
of  either.  Salkowsky  supposes  that  all  sulphur  present  in 
rabbits  urine  wliit-h  is  not  there  as  sulphuric  is  present  as 
hyposulphurous  acid,  and  proposes  to  calculate  the  difference 
between  fully  oxydised  precipitable  and  not  fully  oxydised  sul- 
phur, obtainable  as  sulphuric  acid  by  fusion  wilb  nitre,  as  hypo- 
sulphurous only.  The  results  obtained  by  Bauraann  make  this 
proposal  inadmissible,  while  the  results  of  E.  Salkowsky  show 
that  Baumann's  assumption  that  all  non-precipi table  sulphur  is 
present  in  the  form  of  the  organic  compounds  adduced  by  him 
is  also  inadmissible.  And  ultimately  E.  Salkowsky  comes  in 
conflict  with  himself,  when  he  says  in  one  place  that  all  not 
fully  oxydised  sulphur  in  rabbit's  urine  is  present  as  hyposul- 
phurous acid ;  in  another  place,  that  normal  rabbit's  urine  never 
shows  any  hyposulphurous  acid ;  and  in  a  third,  that  the  urine 
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of  rabbits  fed  upon  potatoes  contains  regularly,  besides  sulphuric 
acid,  another  sulphurised  organic  body,  containing  "  neutral "  sul- 
phur to  the  amount  of  1  out  of  5  parts  contained  in  the  urine. 

When  dogs  are  made  to  consume  taurine  with  their  food,  no 
hyposulphurous  acid  is  formed  as  in  the  rabbit,  but  the  taurine 
is  excreted  partly  or  entirely  as  tauro-carbamic  acid. 

From  researches,  which  are  in  progress  in  my  laboratory  while 
this  sheet  is  passing  through  the  press,  it  appears  that  .the 
problematical  sulphur  compound  contained  in  urine  is  an 
alkaloid,  which  yields  all  the  reactions  in  connection  with  sul- 
phur alluded  to  in  the  foregoing,  and  on  decomposition  by 
chemolytic  agents,  furnishes  free  sulphur  and  sulphurous  acid. 


CHAPTER    XXVI. 

PHOSPHORIC  ACID  AND  PHOSPHATES. 


OCCURHENCfc:, 

PifoSPHORUS  occurs  in  organised  beings  only  in  one  form,  that 
of  so-called  ortho-phoaphoric  acid  But  tbis  is  variously  com- 
bined, partly  witb  bases,  lime,  magnesia,  potasli,  soda,  or  am- 
monia, in  which  salts  the  phosphoric  acid  can  be  found  by  direct 
reagents;  partly  with  organic  compuunds,  particularly  glycerine, 
fatty  acids,  and  basic  bodies,  in  such  a  manner  that  the  presence 
of  the  phosphoric  acid  cannot  be  recognised  by  its  ordinary 
tests  before  the  organic  matter  has  been  destroyed.  Compounds 
of  the  latter  class  occur  in  large  quantities  in  the  brain  and  nerve 
marrow,  and  are  also  present  in  the  Wood,  and  all  liquids  and 
tissues  containing  cells,  including  the  male  sperma  and  tbe  pus 
of  abscesses  and  wounds.  In  the  urine,  however,  phospborns 
has  as  yet  been  shown  to  occur  in  one  form  only,  namely,  that 
of  the  oxygen  acid  combined  with  the  bases  above  mentioned. 

Pki/sical  (tTid  Chemical  Properties, 

Phosphoric  acid,  Pg0.i3H20,  may  he  obtained  in  crystals 
forming  quadrangular  or  hexagonal  prisms,  transparent-Hke  glass, 
or  as  a  syrupy  liquid*  When  heated  to  160°  it  begins  to  lose 
water,  and  at  a  temperature  of  213*"  is  transformed  into  pyro- 
phoaphoric  acid,  VS^^^W^O,  or  H^P^,0;.  When  heated  still  more 
it  loses  another  molecule  of  water,  and  is  then  metapbosphoric 
acid,  PgO^H^O,  or  HOPO^.  When  exposed  to  red  heat  in  an 
open  platinum  dish  it  first  becomes  anhydrous,  and  is  then 
slowly  volatilised.  It  is  easily  soluble  in  water  and  alcohol,  and 
its  sohitions  exhibit  a  strongly  acid  reaction.  Involutions  of 
albumen,  chloride  of  baryum  or  calcium,  do  not  cause  any  preci- 
pitate in  a  solution  of  phosphoric  acid ;  the  solutions  of  caustic 
baryta,  strontia  or  lime,  when  added  in  excess,  produce  a  white 
precipitate.  Phosphoric  acid  has  great  athnity  for  the  basic 
oxydes,  and  forms  with  thern  the  phosphates,  which  may  contain 
in  the  simple  molecule  H^PO^  one,  two,  or  three  atoms  of  any  of 
the  mooodynamic,  or  in  a  double  molecule,  H^P.^Og,  one,  tw*o, 
or  three  atoms  of  any  of  the  didynamic  metals,  and  so  on,  one 
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dynamicity  of  an  atom  of  any  metal  capable  of  entering  at  all 
into  combination  replacing  one  atom  of  hydrogen  either  in  the 
single  or  double  molecule  of  the  acid. 

Phosphoric  acid,  when  heated  with  charcoal,  is  reduced,  and 
evolves  phosphorus,  which  bums  again  on  coming  in  contact 
with  air.  When  the  heating  is  carried  on  in  a  retort,  the  mouth 
of  whieh  dips  into  water,  the  phosphorus  can  be  coUected,  as  it 
sinks  in  the  water  and  is  not  decomposed.  Before  the  discovery 
of  phosphorus  in  bones,  all  pliosphoras  was  made  from  urinary 
salts  only,  which,  owing  to  the  considerable  amount  of  organic 
matter  present  with  them,  do  not  rec|U!re  the  addition  of  char- 
coal ;  it  was  by  the  simple  calcination  of  urinary  salts  tn 
retorts  that  Kunkel  first  discovered  this  remarkable  body. 

Compounds, 

P}m»phak^  of  Alhali  Mdals, — Phosphate  with  two  atoms  of 
9odinm  and  one  of  hydrogen,  so-called  alkaline  phosphate, 
fiDffftjPO^,  may  occur  abnormally  io  the  alkaline  urine  of  chlo- 
rosis. Ammonio  phosphate  of  sodium,  HNa(NHjPO^H-4HjO, 
may  be  obtained  from  urine  in  ciystals.  Acid  phosphate  of 
sodium,  H2NaP04,  may  also  be  obtained  from  fresh  acid  urine 
in  crystals. 

Phosphates  of  Mixed  AIMU  aiid  Eartk  Metals* — Of  these  we 
are  principally  interested  in  the  ammonio  phosphate  of  magne- 
sium, Mg(NHJPO^  4-  fjH^O,  which  always  fonns  when  magnesic 
phosphate  meets  with  ammonia  in  excess. 

Fh^sphaies  of  Alkaline  Earth  Metals, — The  acid  phosphate  of  cal- 
cium, CaHPO^,  represents  the  so-calledsoluble  bone-earth.  To  this 
the  acid  phosphate  of  mngnesium,  MgHPO^,  is  analogous.  Of  the 
foregoing  three  classes  of  salts,  the  phosphates  of  the  alkalies  are 
easily  soluble  in  w^ater,  the  others  are  scarcely  soluble,  or  alto- 
gether insoluble.  They  all  dissolve  in  nitric  or  hydrochloric 
acid.  The  pbo.sphates  of  the  alkaline  earths,  when  newly  preci- 
pitated, are,  moreover,  soluble  in  acetic  acid  The  solution  of  an 
earthy  phosphate  in  an  acid,  when  neutralised  with  an  alkali^ 
throws  down  a  precipitate  of  the  original  phosphate,  w^hich  is  to 
a  considemble  extent  soluble  in  an  excess  of  the  alkali  if  the 
latter  be  concentrated.  The  insoluble  phosphates  are,  as  a  rule, 
soluble  to  a  certain  extent  in  an  excess  of  a  solution  of  any  salt, 
from  which  they  have  been  precipi tilted  by  phosphate  of  sodium; 
this  solution  becomes  turbid  on  heatings  and  clears  again  on 
cooling. 

With  the  common  soluble  phosphates,  nitrate  of  silver  pro* 
duces  a  yellow  precipitate,  Ag^PO^,  which  is  soluble  in  nitric 
acid,  and  in  ammonia.  Acetate  of  lead  produces  a  white  precipitate 
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FbgPgO^,  which  is  soluble  in  nitric  acid,  but  inBohible  in  acetic 
acid  and  in  ammonia.  If  chlorides  are  present,  the  precipitftte 
contains  chloride  of  lead  in  ehemical  combination. 

Chloride  of  baryum  and  chloride  of  calcium  produce  white 
precipitates  with  the  soluble  phosphates,  BagPgO^  and  CagP^Og, 
each,  while  fresh,  readily  soluble  in  hydrochh:iric,  nitric,  or 
accetic  acid. 

When  a  solution  of  phosphate  of  calcium  in  acetic  acid  is 
allowed  to  stand  some  time,  the  phosphate  has  a  great  inclina- 
tion to  fall  down  from  this  solution  ui  a  cr}"^talliiie  state,  par- 
tic\Llarly  when  the  mixture  is  warmed  a  little,  and  wdien  tlie 
phosphate  is  prevalent-  Phosphate  of  calcium  is  somewhat 
soluble  in  water  containing  carbonic  acid,  and  in  salts  of 
ammonium,  even  when  free  ammonia  is  present.  From  its 
solution  in  acetic  acid,  or  from  its  solution  in  hydrochloric 
acid  when  mixed  with  acetate  of  sodium  (which  is  virtually  a 
solution  in  acetic  acid,  because  hydrochloric  acid,  combining 
with  the  sodium,  sets  acetic  acid  free,  which  is  now  the  solvent 
for  the  phosphate  of  calcium),  oxalate  of  ammonium  throws 
down  the  whole  amount  of  calcium  as  oxalate  of  calcium. 
From  its  solution  in  hydrochloric  of  nitric  acid,  the  entire 
amount  of  calcium  may  be  precipitated  by  means  of  sulphuric 
acid  and  alcohol  These  relictions  are  the  Imses,  for  the 
quantitative  determination  of  calcium  in  ashes  and  the  earth 
erf  bonea, 

A  mixture  of  sulphate  of  magnesium  or  chloride  of  magne- 
einm,  with  chloride  of  ammonium  and  ammonia,  pmduces  a 
CTj'stalline  precipitate  in  soluble  phosphates,  which  has  the 
composition  Mg(NHJP0^  +  ()H20,  is  easily  soluble  in  all  aeiils, 
somewhat  soluble  in  pure  water,  and  perfectly  insoluble  in 
water  containing  ammonia,  even  if  a  large  amount  of  any  salt 
of  ammonium  should  be  present.  This  precipitate,  after  ex- 
posure to  red  heat,  is  of  the  composition  Mg2Pg07,  and  is  the 
qualitative  and  quantitative  test  lor  phosphoric  acid  (in 
absence  of  arsenic  acid)  in  all  combinations  which  are  soluble  in 
water,  the  watery  solution  of  which  does,  however,  not  tecome 
turbid  by  admixture  of  a  solution  of  chloride  of  ammonium  and 
ammonia.  In  very  dilute  solutions  the  precipitate  forms  only 
slowly.  When  the  solution  contains  tartaric  acid  and  oxyde  of 
iron,  some  tartrate  of  magnesium  and  oxyde  of  iron  may  easily 
be  mixed  with  the  precipitate, 

ChLiride  of  iron  produces  in  solutions  of  phosphates  a 
yellowisli-whita  precipitate,  which  is  soluble  in  hydiocldoric 
acid,  in  an  excess  of  chloride  of  iron,  in  acetate  of  iron,  and  in 
ammonia.  This  precipitate  is,  however,  quite  insoluble  in  acetic 
acid,  and  w-ill,  for  this  reason,  form  even  when  its  solution  in 
hydrochloric  acid  is  mixed  with  acetate  of  sodium,  as  already 
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eicplainedf  or  when  the  solution  in  hydrochloric  acid  of  the  pho&*| 
phate  of  an  alkaliBe  earth  metal  ia  mixed  with  a  small  qaantitjr  ^ 
of  chloride  of  iron,  and  with  acetate*of  sodium.  If  the  solution  of 
any  pliusphute  in  hydrochloric  acid,  after  any  excess  of  the  acid 
has  been  neutralised  by  a  little  ammonia  or  carbonate  of  sodium, 
is  mixed  first  with  acetate  of  sodium,  and  then  with  chloride  of 
iix>a  in  slight  excess  (which  may  be  recognised  by  the  fluid 
assuming  a  reddish  colour),  and  is  then  heated  to  ebullition,  a 
reddish-brown  precipitate  is  obtained,  which  contains  the  whole 
amount  of  oxyde  of  iron  and  all  the  phosphoric  acid  present. 
It  is  filtered  hot,  and  the  precipitate  and  filter  are  washed 
with  hot  water.  Tliis  test  forms  the  basis  of  the  method  for 
removing  all  phosphoric  acid  and  iron  from  solutions  in  which 
the  quantity  of  calcium  and  magnesium  and  isomorphous  metals 
has  yet  to  be  determined. 

On  mixing  a  Bolution  of  the  nitrate  of  oxyde  of  mercury  with 
a  solution  of  phosphate  of  sodium,  a  white  flocculent  pre- 
cipitate of  phosphate  of  oxyde  of  mercury  is  immediately 
I>roduced,  which,  on  being  allowed  to  stand  in  the  fluid, 
rrtpidly  V»ecome8  crystalline.  A  solution  of  corrosive  subli- 
mate,  however,  may  be  mixed  with  the  alkaline  phosphate  with- 
out any  turbidity  \yeing  produced.  If  t*j  a  mixture  of  the  two 
ii  rat- mentioned  salts  we  add  a  solution  of  chloride  of  sodium 
before  the  precipitate  has  had  time  to  become  cry^stalline^  the 
latter  will  immediately  decompose  with  the  chloride  of  sodium,  | 
corrosive  sublimate  and  phosphate  of  sodium  being  produced : 
the  precipitate  disappears,  aud  the  fluid  becomes  perfectly  clear. 

This  test  is  the  basis  of  the  method  for  ascertaining  the 
amount  of  oxyde  of  mercury  contained  in  a  solution  of  its 
nitrate. 

A  very  accurate  test  for  showing  the  presence  of  minute 
quantities  of  phosphoric  acid  is  molybdate  of  ammonium.  The 
liquid  to  be  tested  is  strongly  acidified  with  nitric  acid,  and  then 
molybdate  of  ammonium,  previously  strongly  acidified  with  nitric 
acid,  is  added.  If  phosphoric  acid  is  present  in  the  mixture  in 
any  quantity,  an  immediate  yellow  precipitate  ensues.  If  only 
traces  are  present  the  liquid  becomes  yellow.  Heating  in  both 
cases  accelerates  the  reaction,  and  rubbing  of  the  walls  of  the  , 
glass  vessel  with  a  glass  rod  facilitates  the  deposition  of  small  j 
amounts  of  the  yellow  compoimd.  The  yellow  compound  con- 
tains phosphoric  acid,  ammonia,  and  about  thirty-two  molecules 
of  molybdic  acid,  so  that  the  reason  for  having  a  great  excess  of 
molybdic  acid  present  in  the  reagent  solution  is  explained  by  the 
composition  of  the  precipitate.  If  accurately  made  the  precipi- 
tate may  be  used  for  the  determination  of  either  ammonia  or 
phosphoric  acid  directly  by  weighing  it  and  calculating  their 
quantity.     But  as  the  urine  contains  other  alkaloids  precipitabl 
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hy  phospho-molybdic  acid,  a  precipitate  obtained  from  urine  by 
this  reaction,  without  previous  incineration,  might  contain  Blight 
impurities,  and  it  is  therefore  preferable  to  dissolve  it  in  am- 
monia, and  precipitate  the  phosphoric  acid  by  magnesia  mixture 
in  the  manner  to  be  described  lower  down. 

Volumetric  Estimation  of  Phssphm^c  Acid  in  UHiu  hy 
means  of  Uj^niimi  Salts, 

When  to  a  hot  solution  of  any  soluble  phosphate  containing 
free  acetic  acid  a  solution  of  acetate  or  nitrate  of  uranium  ia 
added,  a  whitish-yellow  precipitate  of  uranium  phosphate  is 
iiB mediately  produced.  This  consists  of  19*91  per  cent,  of 
FjOg  and  80-09  per  cent  Ur^Oj,  When  the  uranium  salt  is 
added  in  slight  excess,  or  until  a  filtered  portion  exhibits  a  red- 
dish-brown colour  or  precipitate  with  ferrocyanide  of  potassium^ 
all  phosphoric  acid  is  precipitated.  The  precipitate  of  uranium 
phosphate  is  unchangeable  in  its  fluid,  and  does  not  transform 
into  a  basic  combination  like  the  phosphate  of  iron.  For  thia 
reason  it  is  perhaps  a  more  certain  means  of  detennining  phos- 
phoric acid  in  urine  than  the  corresponding  iron  salt  formerly  used. 

Preparation  of  the  StaTidard  Solutions, 

(a)  PhoiipJuitc  of  Sodium  Sdutum, — Transparent,  Avy  but  not 
withered,  crystals  of  common  phosphate  of  sodium  are  powdered, 
and  10  085  grm.  weighed  ofi' ;  they  are  then  dissolved  in  sufficient 
water  to  make  up  1  litre ;  50  cc.  of  this  solution  contain  01  grm* 

{h)  Acetate  of  Sodium  Solution. — 100  groL  acetate  of  sodium, 
and  50  c.c.  of  dilute  acetic  acid  are  dissolved  in  sufficient  water 
to  make  up  1  litra 

(c)  Solution  of  Uranium.-^A  quantity  of  uranium  oxyde,  or 
of  the  yellow  urano-sodic  carbonate  is  dissolved  in  acetic  acid, 
and  the  strength  of  the  solution  ascertained  by  means  of  the 
phosphate  of  sodium  solution  {a).  The  solution  is  next  to  be  so 
diluted  that  the  application  of  1  ex.  indicates  the  precipitation 
of  5  milligrm.  of  phosphoric  acid,  or  50  c.c.  of  the  sodium- 
phosphate  solution  are  to  be  exactly  precipitated  by  20  c.c.  of 
H  the  uranium  acetate  solution,  and  there  ia  yet  to  be  a  slight 
^H  excess  of  uranium  solution  in  the  fluid  to  give  the  test  with 
^^  ferrocyanide.  To  effect  this  50  c.c.  of  the  phosphate  solution  {a) 
I  are  mixed  with  5  c.c.  of  the  sodium  acetate  solution  (b),  and  heated 
I  in  a  water-bath  to  near  boiling.  The  uranium  solution  of 
I  unknown  strength  is  now  added  slowly  and  cautiously,  until  a 
I  few  drops  of  the  mixture  filtered  through  paper  produce  a 
I  distinct  reddish-brown  reaction  with  solution  of  ferrocyanide  of 
I  potassium  on  white  paper.  Supposing  that  to  this  point  15  c.c. 
I         of  the  uranium  solution  had  been  used,  then  the  solution  would 
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yet  be  too  strong,  and  would  have  to  be  diluted  with  one  quarter 
of  its  volume  of  water  in  order  to  be  of  the  required  Btrengtb, 
and  thus  other  degrees  in  proportion.  The  standard  dolution  of 
uranium  should  contain  20'3  grm.  UrgO^  in  each  litre* 

Application  to  the  Urine, 

Determination  of  the  whole  amount  of  phosphoric  acid.  To 
50  ex,  of  filtered  urine  5  c.c.  of  the  acetate  solution  (h)  are  given, 
and  while  the  mixture  is  heated  in  a  water-bath,  the  uranium 
solution  is  allowed  t<)  drop  in  from  a  burette.  When  the  preci- 
pitate Ls  not  visibly  increased,  the  fluid  is  tested  by  filtering  a 
drop  or  two  through  a  piece  of  blotting  paper,  which  is  closely 
pressed  upon  a  paper  soaked  with  sulution  of  ferrocyanide.  If 
no  reaction  ensues  more  uranium  solution  has  to  be  added.  As 
soon,  however,  as  a  reddish-brown  reaction  appears,  the  precipi- 
tation is  complete.  Every  c.c.  of  uranium  solution  used  indi- 
cates 5  milligrm.  of  phosphoric  acid  precipitated. 

Srparaiion  of  Pho$phA)ric  Acid  dmhiiud  with  Earths,  from  the 
Portion  Cofnbined  with  Alkali  Mekth, 

To  effect  this  the  operator  may  dissolve  the  precipitated  phos- 
phates of  earths  in  acetic  acid,  and  determine  the  phosphoric 
acid  in  this  solution.  He  will  then  deduct  the  quantity  found 
in  this  last  operation  from  the  total  quantity  of  phosphoric  acid 
present  in  the  urine,  w^hen  the  diftbrence  will  give  him  the 
phosphoric  acid  in  combination  with  alkalies. 

Iki&nmfmii4m  of  Phosphoric  Add  hy  Precipitation  and  Weighing 
of  the  PrecipitcLte. 

A  measured  quantity  of  urine  is  treated  with  nitric  add  In 
excess,  and  to  the  mixture  molyMate  of  ammonium  is  added, 
until  it  produces  no  further  precipitate ;  the  mixture  is  heated 
until  it  is  clear,  and  all  precipitate  is  deposited  as  a  yellow 
powder.  This  is  collected  on  a  filter  and  washed  and  dissolved 
in  ammonia ;  magnesia  mixture  is  now  added,  the  mixture 
stirred,  the  glass  rubbed  w4th  the  glass  rod,  and  the  mixture 
allowed  to  stand  over  night.  The  precipitated  ammonio-phos- 
pbaie  of  magnesia  is  collected,  dried,  and  ignited,  and  from  the 
quantity  of  pyrophosphate  obtained  that  of  the  phosphoric  acid 
is  calculated. 

Quantity  of  Phosphoric  Acid  Disclvarged  hy  Healthy  Persons 

during  Tweitty-Four  Hours. 

The  results  of  numerous  examinations  are  arranged  in  the 
following  table,  which  gives,  after  the  name  of  the  observer, 
the  average   quantities  of    acid   found    in   single  individuals, 
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and  the  average  of  all  examinations  of  each  observer  at  the, 
end : — 

Breed,  average  of  four  individuals,     .         ,     5'180  grm.  to  3'76o 
Winter,    first    individual,    37;   seoond,    4*2;    third,  5*2 

grm average  4 '30 

Mosler,   first  series,  2*4;  second  series,  3*7  in  the  same 

individual, average  3*05 

Nenbauer,  first  individual,  31 ;  second,  1*6,         .     average  2  36 

Auhert, .2*8 

Average  amount  of  PjO^  discharged  by  an  adult  male  in 

twenty-four  hours, 3'66 

Ditto  in  one  hour      .,,.,,.         01 5 

According  to  the  observations  of  Winter,  100  kilogrm.  of  man 
dischaige  on  an  avemge  of  0-27  grm.  and  100  centimetres  01 
grm.  of  phosphoric  acid. 

The  maxiiuam  and  minimum  amount  of  phosphoric  acid 
discharged  by  single  individuals  during  twenty-four  hours  is 
aubject  to  considerable  variations^  as  exhibited  by  the  following 
observations  :^ 

Mftxinmm,         Minimuuu 

Neubauer  found  in  one  individual  daily     216  gr.        121  gr. 

„  found  in  second  individual    ,    4*88  gr.         2'44  gr. 

Mosler,  ditto 4-86  gr.         240  gr. 

The  fluctuations  in  the  hourly  average  are  still  greater,  so  that 
Vogel  found  by  a  series  of  experiments  the  maximum  to  bo 
0'216,  while  the  minimum  of  the  same  aubject  only  amounted 
to  0*085  grm.  Both  extremes  happened  on  one  and  the  same 
day,  the  whole  inquiry  extending  over  ten  days. 

Through  the  observations  of  Winter,  Mosler,  and  Vogel  it  has 
been  established  that  the  rise  and  fall  in  the  hourly  amount 
of  phosphoric  acid  is  a  regular  one  during  each  twenty-tour 
hours,  the  rise  invariably  taking  place  soon  after  the  principal 
meal  of  the  day,  which  was  taJcen  at  noon.  The  maximum 
secretion  was  observed  during  the  hours  of  the  evening ;  the 
quantity  fell  during  the  night,  and  was  at  the  lowest  ebb  during 
the  morning.  These  fluctuations  are  well  illustrated  by  the 
following  table  given  by  Vogel ; — 

Table  skmmng  the  Ammtnt  of  Phosphoric  Add  secreted  by  fotir 

jTulnnduaU  during  one  hour  of  ih^c   night,  afternoon^  and 
fortwxm. 

IndlyiduflJa;            Afternoon.  Night.  Foronooti. 

A.  .         .     018  020  013 

B.  .  .  0-28  0  21  Oil 
a  .  .  018  0*16  O'lO 
D.     .        .011  014  Oil 
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This  table  shows  that  different  persons  discbarge  the  phos- 
phorus taken  with  their  food  at  different  periods  after  the  inges- 
tioQ,  some  niore  quickly,  others  more  slowly ;  in  some  the  process 
is  spread  over  a  longer  period  of  time  than  in  others.  Thus  B. 
discharged  the  greater  part  of  the  phosphorus  taken  with  his 
dinner  soon  after  it ;  the  secretion  of  phosphoric  acid  reached  its 
climax  in  the  afternoon,  and  fell  during  the  night  and  following 
morning  until  the  next  principal  meal.  The  diflerence  between 
the  hours  before  the  meal  and  after  it  is  here  greatest  In  C. 
the  climax  of  the  secretion  falls  more  towards  the  evening,  and 
there  is  less  difFerence  between  afternoon  and  night.  In  D.  the 
maximum  hourly  average  is  in  the  night;  and  probably  his 
digestion  was  much  slower  than  that  of  the  other  three  persons, 
though  all  four  took  their  dinners  at  one  and  the  same  time, 
namely,  1  p.m, 

Phifsiolofjy  of  Phosphoric  Acid  in  the  UHns, 

The  introduction  into  the  body  of  phosphorus,  either  in  the 
form  of  the  acid,  or  of  phosphates,  or  in  combination  with 
albuminous  substances,  such  as  eggs,  braios,  ^c  gives  rise  to  an 
increase  of  the  acid  in  the  urine. 

Total  abstinence  from  food,  or  from  food  containing  phos- 
phorus, on  the  other  hand,  diminishes  the  amount  of  phosphoric 
acid  in  the  urine.  Total  abstinence  will,  however,  not  cause  the 
entire  disappearance  from  the  urine  of  phosphates,  as  has  been 
observed  with  regard  to  chloride  of  sodium.  This  is,  perhaps, 
partly  due  to  the  continued  oxydation  of  albuminous  substances. 
Aubert  observ^ed  the  urine  of  a  person  to  contain  2  8  grammes 
per  day  under  ordinary  circimistances.  This  pei-son  took  31 
grammes  of  phosphate  of  soda,  whereupon  the  amount  of  phos- 
phoric acid  in  the  urine  rose  to  41  grammes  for  twenty*four 
hours.  When  abstaining  from  food,  ilosler  found  phosphoric 
acid  to  sink  to  half  the  ordinary  quantity ;  when  he  took  lai^e 
meals  of  albuminous  substances,  the  amount  of  the  acid  became 
doubled  in  consequence. 

But  the  excretion  of  phosphoric  acid  is  not  exclusively  de- 
pendent upon  the  quantities  introduced.  A  series  of  observations 
demonstrate  that  the  same  influences  which  govern  the  excretion 
of  chlorine  and  sulphuric  acid  are  active  in  the  excretion  of 
phosphoric  acid.  Different  degrees  or  morbid  changes  of  thd 
secretory  activity  of  the  kidneys,  actual  disease  of  the  kidneys, 
changes  in  the  mode  of  disintegration  of  matter  in  the  organism, 
must  be  looked  to  as  causes  of  the  variation  of  the  amount 
of  phosphoric  acid.  The  drinking  of  large  quantities  of  water 
causes  an  increase  in  the  amount  of  phosphoric  acid  beyond  the 

Juantity  introduced  with  the  water,  which  can  only  be  explained 
y  an  increased  production  in  the  lx>dy  of  phosphoric  acid,  by 
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clianges  which  make  an  increased  amount  of  phosphates  avail- 
able fur  excretion,  and  by  a  Btimiilated  activity  of  the  kidneys. 
The  organism  may  atone  time  contain  an  excess  of  phosphoric 
acid,  at  other  times  the  acid  may  be  deficient,  it  will,  however, 
he  difficult  fully  to  establish  these  points,  until  the  normal 
amount  of  phosphoric  acid  contained  in  all  parts  of  the  body  and 
its  changes  and  variations  within  the  range  of  perfect  health  be 
known.  And  then  the  examinations  will  have  to  comprise  a 
complete  analysis  of  all  food,  and  of  all  excretions. 

Quantity  of  Phosphoric  Acid  in  the  Urine  of  Disease, 
In  acute  but  not  very  severe  diseases  the  amount  of  phosphoric 
acid  in  the  urine  decreases  at  first  most  probably  in  consaxuence 
of  the  low  diet,  and  afterwards  rises  again  with  a  more  liberal 
allowance  of  food.  During  convalescence  the  normal  amount  is 
sometimes  exceeded  in  consetjuence  of  an  increased  quantity  of 
food. 

If  the  illness,  though  combined  with  violent  fever,  only  lasts 
a  short  time,  the  decrease  of  the  amount  of  phosphoric  acid  is 
sometimes  very  slight  and  scarcely  perceptible. 

The  following  data  have  been  collected  mainly  by  Vogel : — 
Males. — I.  A  young  man,  aftected  by  a  severe  febrile  angina 
tonsillaris,  discharged  2*8  grammes  of  phosphoric  acid  on  the  day 
of  his  reception  into  the  hospital.  He  had  an  emetic  given  to 
him,  which  caused  violent  vomiting.  This  was  followed  by  low 
diet.  On  the  second  day  the  amount  of  phosphoric  acid  had 
fallen  to  17  grm.  He  now  improved,  and  had  quarter  diet.  The 
two  following  days  showed  2*6  and  2*5  grm.  of  phosphoric  acid 
respectively.  He  now  was  placed  upon  half  diet ;  and  on  the 
following  day  the  P^O^  rose  to  3*2  grm.  He  recovered,  and  waa 
discharged. 

2.  Pneumonia,  not  very  severe.  The  patient  was  discharged 
after  eight  days.  The  daDy  amounts  of  P^Og  were  2-4,  2  5,  2' 9. 
2'4,  and  2'3  grm. 

3.  Pneumonia,  more  severe.  During  the  acme  of  the  disease, 
the  daily  amounts  of  phosphoric  acid  were  17,  0'8,  2*1,  1*2,  0'9, 
2-1,  1-9,  11  grm, 

4.  Pneumonia,  similarly  severe,  1*6, 1*4,  2*2,  2*3,  1*6  grm, 

5.  Febrile  bronchial  catarrh,  1*4,  1*5, 1*7,  1*5,  2*8  grm. 

6.  Convalescence  from  severe  pneumonia,  3*8,  27,  3' 2,  3*5 
gmi.,  3*9,  1*8,  2-5,  &c. 

7.  Similar  case,  1-9,  56,  28, 1*5,  3*2,  28  grm, 

8.  Convalescence  from  severe  bronchial  catarrh,  4*8  grm. 

9.  Catarrh  of  the  organs  of  digestion,  with  eczema  and  violent 
fever.  The  case  took  a  rapid  course,  so  that  the  patient  was  dis- 
missed cured  after  eight  days.  The  amount  of  PjO^  was  2*3, 
2*6,  27,  2*6,  34  grm. 
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Females, — 1.  Ehenmatic  fever,  21,  23, 2*2  grm, 

2.  Catarrh  of  the  stomach,  11,  12  gruL 

3.  Catarrhal  fever,  acme  of  the  diseiise,  16  gnn. 

4.  Convaleacence  from  typlius,  5 '2  grm. 

When  the  diseases  are  of  a  more  severe  nature,  so  as  to  cause 
a  long  abstinence  from  food,  or  to  take  a  fatal  turn,  the  decrease 
of  phc»sphoric  acid  in  the  urine  becomes  much  more  considerable. 

Thus,  a  girl  with  severe  febrile  catarrh  of  the  lungs  discharged, 
during  the  acme  of  the  diseai^e,  0*7,  0*5  grm.  of  phosphoric  acid ; 
during  convalescence  it  rose  to  13  and  25  gnn. 

Fatal  end  of  acute  tuberculosis  of  lungs,  0-4,  0*4,  0*3,  0^3,  0*2, 
01,  0  08  grm.  (day  of  decease)* 

Gangrene  of  the  lungs,  fatal  issue,  3*0,  2*5,  2'20,  0  7  grm. 

In  some  exceptional  cases  the  amount  of  phosphoric  acid  dis- 
charged during  the  height  of  acute  disea-^ies  may  considerably 
exc^d  the  anioimt  discharged  during  health. 

A  man  of  middle  age  aufiered  from  pneumonia,  and  was  treated 
with  large  doses  of  digitalis,  cured  and  discharged,  4*3,  51,  41^ 
8'4,7"9,4*5,  2  9,  5'Ognn, 

In  chronic  diseases  the  exci'etion  of  phosphoric  acid  takes  a 
very  irregular  course,  and  though  remaining  mostly  below  the 
normal  average,  may  sometimes  cousiderably  exceed  it.  This  ia 
shown  by  the  following  cases : — 


Number  of 

Dbeaae,                          i 

♦D»yii 

.Ohserved. 

MiTilnmrn. 

MeditUQ. 

Manmiim. 

MjLLsa 

EaiphjBema  of  lungs     , 
Chronic  Bronchon5ri*ii  . 

... 

0*6 

1-3 

23 

B 

1-8 

2'7 

47 

Cancer  of  the  U?er 

11 

1-6 

2-2 

26 

Subacute  Theumatlfm  of  jaiute      , 

IB 

1-7 

S'4 

31 

Hcniiplegm, consequent  on  apoplexy 

35 

1-0 

27 

6-2 

Hydraria      .         ♦         .         .         . 

3 

4'4 

50 

5-8 

Dropsy,  under  influence  of  diuretics 

chloridca  very  much  increased    , 

2 

... 

1-8 

... 

FEMALSa 

Diabetes  insipidus 

14 

3-2 

48 

7-8 

Ascites 

15 

1-7 

3-0 

4*7 

Chronic  rfaeumatiBm 

7 

2-7 

33 

4*2 

SpiiJftl  irritation    , 

21 

24 

2-8 

AmenorrfaccA 

21 

2% 

2-3 

Scrophulosis 

2-6 

3-5 

52 

Ttiberculosia  of  lungs 

10 

1*6 

3*9 

Chronic  erysipelas  of  fac«      . 

11 

1-6 

.i. 

3*6 
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HISTORY  AND  OCCUKRENCK 

Ammonia  became  origijially  known  as  a  product  of  destructive 
distillation  of  animal  substances  (spirit  of  heartshorn).  It  is 
practically  obtained  in  the  greatest  masses  as  the  product  of 
the  pliysiolysis  of  animal  matters,  particularly  the  urine,  but 
great  quaofcitiea  also  result  from  the  processes  for  the  manu- 
facture of  gas  from  coal.  The  chemolysis  of  all  albnmioous 
suljfitances  yields  from  three  to  four  per  cent  of  the  dry  sub- 
stances in  the  shape  of  ammonia.  Ammonia  is  contained  iu  air 
and  water,  and  in  the  earth  everywhere  and  all  times. 

According  to  Liebig,  fresh  healthy  urine  contains  only  very 
small  or  very  doubtful  traces  of  ammonia,  and  gives  no  pre- 
cipitate with  chloride  of  platinum.  The  crj^stals  which  form 
over  niglit  in  mine  mixed  with  chloride  of  platinimi  exhibit 
all  the  properties  of  the  chloride  of  platinum  and  potassium. 
And  if  chloride  of  platinum  and  ammonium  Bhould  be  mixed 
with  then),  it  is  uncertain  whether  these  are  not  due  to  the 
decomposing  influence  of  the  chloride  of  platinum  upon  the 
organic  constituents  of  the  urine.  Lehmmm  and  Scherer  shared 
the  doubts  of  Liebig  regarding  the  presence  of  ammonia  as  a 
normal  ingredient  in  urine.  Tbe  analysis  of  Heintz,  however, 
have  proved  that  ammonia,  if  not  always,  is  at  least  very  fre- 
quently present  in  urine.  The  researches  of  Boussingault  also 
seem  to  indicate  the  normal  presence  of  ammonia  in  the  urine. 

The  best  proof  as  yet  advanced  of  the  regular  presence  in  the 
urine  of  certain  quantities  of  ammonia  seems  to  be  afforded  by 
the  analyses  of  Neubauer^  who  adopted  the  method  of  Schlosing 
for  the  volumetrical  analysis  of  ammonia  in  the  urine. 

Some  urinary  deposits  occurring  in  healthy  urine  contain 
urate  of  ammonium.  The  deposits  are  more  common  in  the 
urine  of  disease,  and  there  not  always  the  products  of  alkaline 
decomposition. 

Ammonia  appears  in  large  quantities  in  urine  as  soon  as  the 
urea  has  conmienced  to  decompose.  It  then  appears  as  car- 
bonate, acetate,  benzoate,  phosphate,  joining  sodium  on  the  one, 
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magnedium  on  the  other  band,  and  as  urate.  While  the  former  salts 
are  diasolved  the  latter  are  deposited,  the  phosphate  of  magneaium 
and  ammonium  in  the  form  of  crystals,  the  arate  of  ammoniom 
in  damb-bells  and  globular  masses  with  spinous  projections. 

Ammonia  further  appears  in  every  urine  as  soon  as  it  is 
heated  or  subjected  to  distillation  in  a  retort  The  fluid  which 
goes  over  will  contain  ammonia  to  the  last — a  phenomenon 
which  has  been  explained  by  the  decomposing  influence  of  the 
acid  phosphate  of  sodium  upon  urea.  The  phosphate  of  am- 
monium and  sodium  thus  formed  has  the  property  of  giving  off 
its  ammonia  at  a  temperature  of  100°,  and  the  acid  phosphate 
thus  left  is  again  and  again  a  generator  of  ammonia,  as  long  as 
any  organic  substances  are  left  capable  of  yielding  that  baae. 
During  the  whole  period  of  distillation  the  nrine  in  the  retort 
retains  a  strongly  acid  reaction. 

PhyBical  and  Chemical  Propertus. 

A  coercible  gas,  of  a  powerful  pungent  smeU,  strongly  attached 
to  water,  and  yet  easily  dilfusible  from  this  solution  into  the  air, 
ammonia  presents  highly  characteristic  features.  Volatile  at  ail 
temperatures,  and  driven  out  of  its  combinations  by  fixed  alkalies, 
again  readily  combining  with  acids,  it  is  easily  separated  from 
the  numerous  ingredients  of  the  urine,  obtained  pure,  and  its 
quantity  determined 

In  a  mixture  of  perfectly  neutral  solutions  of  sulphate  of 
silver  and  arsenious  acid,  the  slightest  trace  of  ammonia  caused 
immediately  a  delicate  but  dense  yellowish-white  precipitate  of 
arsenite  of  silver,  which  is  easily  soluble  in  the  slightest  excess 
of  acid.  This  is  the  most  delicate  test  for  ammonia.  Upon  this 
I  have  based  the  following  proceeding : — 

DemonslrcUion  of  ike  Presence  of  Ammonia  in  Urine^ 

The  ammonia,  wliich  has  been  liberated  from  urine  by  means 
of  milk  of  lime,  is  made  to  pass  in  the  form  of  gas  into  a  solu- 
tion of  sulphate  of  silver  and  arsenious  acid;  the  precipitate 
ensuing  is  evidence  of  its  presence. 

The  precipitate  which  phospho-molybdic  acid  give^  in  urine 
acidified  with  nitric  acid  (see  chapter  on  Reducine)  contains  all 
the  ammonia  preaent  in  the  urine  employed.  It  can  be  obtained 
by  distilling  the  pi^cipitate  with  caustic  baryta  solution  for  a 
short  time,  and  collectmg  the  distillate  in  hydrochloric  acid.  In 
this  solution  the  ammonia  can  be  estimated  by  the  platinum  method. 

Jktm^nation  of  the  Qnnntity  of  Ammonia  in  Urine  hy 
VolufnetHcal  Analysis. 

The  method  just  described  may,  with  slight  modifications,  be 
used  for  determining  the  quantity  of  ammonia  thus  isvolved. 
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Into  a  potash  bulb  is  put  a  known  amount  of  sulphuric  acid  of 
known  Btrength,  and  the  ammonia  evolved  from  the  urine  by  lime 
is  made  to  pass  through  it  by  means  of  an  aspirator.  All  am- 
monia of  the  urine  will  be  combined  with  the  sulphuric  acid  in 
the  apparatus.  The  acid,  thus  combined  with  the  ammoniai  is 
now  jmi  into  a  beaker,  and  saturated  with  a  solution  of  caustic 
soda  of  known  strength.  The  point  of  neutrality  is  indicuted  by 
the  appearance  of  a  white  precipitate  of  arsenite  of  silver,  when 
the  solution  of  sulphate  of  silver  and  arsenious  acid  has  pre- 
viously been  added  to  the  sulphuric  acid,  and  by  the  reappearance 
of  the  blue  colour  when  tincture  of  litmus  has  been  used  as  the 
indicator.  The  former  test  is  particularly  useful  when  we  have 
to  work  with  artificial  light,  which  does  not  permit  the  distinc- 
tions between  red  and  blue  litmus  to  be  accurately  perceived. 
From  the  amount  of  solution  of  soda  used  less  than  would  have 
been  required  for  saturating  the  same  bulk  of  sulphuric  acid  of 
known  strength^  if  no  ammonia  had  been  combined  with  it,  the 
amount  of  ammonia  is  found  by  calculation. 

The  following  method  is  based  upon  the  fact  that  ammonia 
evaporates  from  its  watery  solution,  and,  if  confined  with  free 
sulphuric  acid  in  a  closed  space,  is  entirely  absorbed  by  the  acid. 
The  rest  is  done  by  volu metrical  analysis  as  above. 

Prtpanition  of  Stamiard  Solution  of  Sulphuric  Acid. — Four- 
teen gniL  of  hydrated  sulphuric  acid  are  diluted  with  200  gnn. 
of  water  ;  and,  after  the  mixture  has  cooled  down  to  the  ordinary 
temperature  of  the  air,  the  amount  of  sulphuric  acid  contained 
in  every  lO'O  c.c.  is  determined  by  means  of  chloride  of 
barj'um  in  the  usual  way.  If,  for  instance,  we  have  found  that  10 
c.c,  of  the  dilute  acid  contain  0'505  grm,  of  sulphuric  acid,  they 
will  be  exactly  neutralised  by  0-2146  grm,  of  ammonia,  1  c,c,  of 
the  dilute  acid  therefore  corresponds  to  0  02 146  grm.  of  NHj, 

Preparation  of  Standard  Scdulicm  of  Caustic  Soda. — A  dilute 
solution  of  freshly  prepai^ed  soda  in  alcohol  is  made,  and  its 
strength  is  determined  by  finding  the  quantity  required  to  neu- 
tralise 100  c,c,  of  the  sulphuric  acid  just  described.  To  10  0  ex. 
of  the  sulphuric  acid,  therefore,  reddened  by  tincture  of  litmus, 
or  mixed  with  the  solution  of  sulphate  of  silver  and  arsenious 
acid,  the  solution  of  soda  is  added  from  a  burette  untd  the  point 
of  neutrality  is  indicated  by  the  restoration  of  the  blue  colour  of 
litmus,  or  the  appearance  of  the  precipitate  of  arsenite  of  silver. 
Suppose  we  have  used  to  this  point  30  0  c.c,  of  the  solution  of 
soda,  then  we  know  that  every  cubic  centimetre  of  it  exactly  cor- 
responds to  000715  grm.  of  ammonia ;  as  the  10*0  c.c,  of  sulphuric 
acid,  which  were  neutralised  by  300  c.c,  of  soda,  correspond  to 
0-2146grm,  ofNH,. 

Application  of  the  Fluids. — 20*0  c,c,  of  fresh  filtered  urine  are 
put  into  a  glass  or  porcelain  dish  of  four  inches  in  diameter,  and  one 
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inch  in  height    A  triai^^le,  msde  of  a  glasa  rod,  is  now  put  i 
the  top  of  this  dish,  to  support  a  smaller  flat  dish  eont 
100  ex.  of  the  standard  sulphuric  acid.     This  is  now  pla 
mider  a  receiver  on  a  ground  glass-plate,  cloaed  hermetically  by 
the  aid  of  tallow.     A  dinner-plate  and  some  mercury  may  :  ' 
he  uaed  for  the  purpose.    When  the  entire  apparatus  is  Ihnftl 
completed,  100  e.c.  of  milk  of  lime  are  added  to  the  urine  in  tbttl 
lower  dish,  and  the  apparatus  is  quickly  closed  and  put  asidab^l 
After  the  lapse  of  forty-eight  hours  the  whole  of  the 
formerly  contained  in  the  urine  will  be  found  to  have  been  driven'' 
out,  and  to  have  been  absorbed  by  the  sulphuric  acid  in  the  upper 
dish.     If  the  sulphuric  acid  is  now  neutralised  by  the  standatdj 
solution  of  soda,  so  much  less  of  this  solution  is  required  as  iaf 
equivalent  to  the  amount  of  ammonia  contained  in  the  acid. 
Thus,  if  the  10  c.c.  of  sulphuric  acid  (containing  0505  grm.  of 
SO,,  corresponding  to  0'2146  gnn  of  NH^,  after  exposure  to  the 
vapour  of  anunonia  evolved  from  the  urine  under  the  glass  shadeip^ 
require  only  26  c.c.  of  the  solution  of  soda  instead  of  the  30  cclI 
for  which  they  are  graduated,  they  have  absorbed  an  amount 
of  ammonia  equivalent  to  4  c.c.  of  the  solution  of  soda,  of  which  ' 
it  has  been  seen  that  every  cubic  centimetre  corresponded  to 

-5- —  ^ 000715  grm.  of  NH,.    The  20  c.a  of  urine,  therefore* 

evolved  or  contained  4x0  00715-00286  gmt  of  NH,,.  1000 
grm.  of  urine  would  therefore  contain  1*43  grm.  of  KH^;  and 
every  other  quantity  in  proportion 

Healthy  fresh  urine,  free  from  mucus,  does  not  undergo  alksr 
line  decomposition  during  the  first  forty-eight  hours  after  being 
passed.  But  it  is  not  so  with  the  urine  from  patients,  which 
very  frequently  begins  to  decompose  a  few  hours  after  emission. 
Such  urine,  therefore,  requires  some  precautions;  the  colouring 
and  other  easOy  decomposing  matters  maybe  removed  by  means  of  ] 
a  mixture  of  equal  volumes  of  solutions  of  basic  and  of  neutral 
acetate  of  lead.  Of  this  mixture  30  c.c.  are  mixed  with  an  equal 
volume  of  urine,  and  of  the  liquid  filtered  from  the  precipitate 
40  C.C.,  corresponding  to  20  c.c.  of  urine,  are  taken  for  the  analysis 
of  ammonia.  If  the  operator  will  take  a  little  more  trouble,  he 
may  control  the  analysis  performed  wiih  milk  of  lime,  by  putting 
urine  into  a  second  apparatus  mtkout  it  If  the  latter  evolve 
no  ammonia,  spontaneous  decomposition  of  the  urine  has  pro- 
bably not  taken  placa 

The  method  of  finding  the  amount  of  ammonia  in  urine 
by  means  of  chloride  of  platinum,  given  by  Heintz,  requires 
much  time  for  its  execution.  The  amount  of  ammonia  found 
by  Heintz  in  the  urine  of  twenty-four  hours  was  more  than 
double  the  quantity  of  that  found  by  the  above  analysis 
of    Neubauer,   a    fact    which    adds    to    the    probability  that 
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chloride  of  platinimi  produces  ammonia  in  urine  by  decompo- 
sition of  some  of  its  constituents,  not  being  simple  salts  of 
ammonia.  Tidy  and  Woodman  {''  Proc.  Royal  Soc."  20  (1872), 
3G2  estimated  ammonia  in  urine,  diluted  until  all  colour  had 
disappeared,  by  the  Nessler  test,  comparing  the  tint  with  the 
tint  of  a  sottition  of  ammonia  of  known  strength,  according  to 
the  mode  appUed  in  water  analysis* 

Qtmntiiy  of  Avinioiiut  DiscJutrged  in  the  ZTrhie  during  Twc7ity' 
Fmir  MtMrs  by  Htaliky  Ijulividudls, 

Neubauer  examined  the  nrine  of  two  male  individuals  of 
twenty  and  thirty-six  years  of  age  respectively.  The  average  of 
twelve  analyses  of  the  urine  of  the  man  of  twenty  yeaxs  gave 
0'6137  grm,  of  ammonia  for  twenty -four  hours*  The  average  of 
the  second  suliject,  as  found  by  the  same  number  of  analyses, 
was  much  higher  than  that  of  the  first,  namely,  0*8351  gmi.  of 
ammonia  for  twenty-four  hours.  The  minimum  was  0-3125  ;  the 
maximum  12096  grm.  of  ammonia  each  day*  Expressing  these 
facts  in  round  figures,  we  may  say  that  the  average  amount  of 
ammonia  excreted  by  a  healthy  man  is,  minimum,  03  ;  average, 
07  ;  maximum^  10  grm. 

Physiological  (higin  o/Amniania, 

The  only  reliable  knowledge  on  this  point  consists  in  the  fol- 
lowing facta : — T/i^  ammoma  of  the  salts  of  ammcmia,  when  the 
laiier  are  taJcen  into  th4i  stOTtuich,  passes  unchanged*  through  the 
system  and  is  discharged  in  the  urine  (Neubauer).  The  subject 
of  his  experiments  waa  the  young  man  of  twenty  years  of  age, 
whose  average  discharge  of  ammonia  during  one  of  twelve  days 
had  been  ascei*tained  to  be  06 137  grm.  He  took  now  2  grm.  of 
chloride  of  ammonium  in  a  glass  of  water  for  five  successive 
nights ;  and  in  the  urine  collected  for  five  successive  periods  of 
twenty-four  hours,  analysis  showed  an  excess  of  9*957  grm,  of 
chloride  of  ammonium  over  the  amount  of  ammonia  previously 
ascertained  to  be  the  normal  average- 
It  remains  to  be  seen  whether  caustic  ammonia  and  carbonate 
Eof  ammonia  are  eliminated  in  a  similar  manner.  It  remains  also 
to  be  aaeertained  whether  the  organism  produces  any  ammonia 
under  ordinary  circumstances,  or  whether  the  ammooia  in  the 
urine  is  simply  introduced  by  our  food  and  drink,  or  by  the  air 
which  we  breathe.  Some  articles  of  food  are  rich  in  ammonia, 
ejj,,  young  vegetables.  The  smoke  of  tobacco  contains  a  large 
share  of  ammonia;  and  any  person  remaining  for  any  length 
of  time  in  a  room  filled  with  it  must  inhale  such  quantities  of 
ammonia  as  must  materially  increase  the  ordinary  amount  in  his 
urine. 
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Paihalogkul  Indications. 

If  what  some  have  ventured  to  bring  forward  as  a  defined 
feature  of  certain  forms  of  disease  of  the  kidneys  can  really  be 
shown  to  exist,  namely,  that  the  urea  retained  in  the  blood  may 
there  undergo  decomposition  into  carbonate  of  ammonium,  and 
give  rise  to  the  symptoms  described  as  uremia,  the  pathological 
indications  of  ammonia  in  the  urine  would  be  all-important  in 
those  diseases.  And  though  quantities  of  ammonia  might  be 
excreted  by  the  lungs,  skin,  and  bowels,  yet  the  urine  would  be 
that  excretion  in  which  the  ammonia  would  be  most  accessible 
to  our  analysis.  However  probable  such  a  process,  under  given 
circumatances,  may  be,  actual  and  direct  proof  would  be  re- 
quired ;  and  this  we  cannot  say  to  have  been  afforded  by  the 
originators  of  the  theory.  We  know,  on  the  contrary,  that  the 
test  said  to  be  diagnostic  of  the  presence  of  ammonia  in  the 
breath,  the  formation  of  white  vapours  on  contact  of  the  breath 
with  a  glass  rod  dipped  in  hydrochloric  acid,  frec^uently  fails  in 
cases  with  the  most  marked  symptoms  of  uraemia.  This  would 
only  show  that  the  ammonia  is  not  exhaled  in  some  cases,  but 
not  that  it  is  not  present  in  the  blood  causing  the  uraemia. 
Anyhow,  we  must  expect  further  proofs,  analyses  of  the  blood 
und  the  excretions,  bctbre  we  can  give  that  importance  to 
toxcTmia,  as  a  cause  of  various  severe  atfectiong,  which  by  various 
authors  has  been  attributed  to  it.  It  is  the  same  with  putrid  or 
septic  fevers,  under  those  couditions  in  which  the  blood  is  said 
to  be  in  a  state  of  dissolution.  For  all  we  know,  ammonia  may 
be  a  product  of  these  pathological  processes  ;  and  then  we  might 
expect  to  find  it,  in  part  at  least,  in  the  urine. 

Tidy  and  Woodman  found  the  ammonia  diminish  to  about  half 
the  normal  quantity  (from  01 62  grm.  in  twenty-four  hours  to 
0*081)  in  acute  rheumatic  fever,  albuminuria,  phthisis,  and  ner- 
vous diseases  ;  in  erisypelas,  small-pox,  typhus  and  typhoid  fever 
it  fell  to  one  quarter  (0^0405).  Normal  quantities  were  met  with 
in  cancer,  heart  diseases,  chronic  alcoholism^  and  chorea  •  an 
increased  amount  was  observed  in  gout  and  diabetes.  In  mori- 
bund conditions  it  disappears  from  the  urine  almost  entirely. 


CHAPTER    XXVIIL 

TRIMETHYLAMINE,  Cfi^. 


HISTORY  AND  UTERATUKR 

This  is  one  of  the  aubstitoted  ammonias,  and  waa  discovei^d  by 
A,  W.  Hofmann  ("Ann.  Cliem/'  78  (1851), 253;  79  (1851),  11). 
Its  presence  in  urine  was  first  shown  by  Dessaignes  ("Ann. 
Chem/'  100  (1856),  218) ;  "  Coinpt.  Rend."  43,  670). 

Occurrence. 

It  is  found  in  living  plants,  such  as  the  leaves  of  Chcnopo- 
dinm  ^ldvaria,  and  the  Mowers  of  Cratfrpw  atyacantlm.  Like 
ammonia,  it  is  a  product  of  the  destruction  by  putrefaction, 
pyrodistillation,  or  chemolysia  of  many  animal  substances.  It  is 
formed  in  particularly  large  quantities  under  influence  of  the 
processes  just  named  from  brain,  nerve,  and  yelk  matter,  from 
the  male  and  female  roe  of  fish,  and  from  bile,  owing  to  the  pre- 
sence in  them  of  choline  or  neurine  in  an  organically  combiued 
state.  This  choline  is  trimethyl-oxethyl-ammonium  oxyde 
or  hydrate,  and,  under  the  decomposing  influences  just  men- 
tioned, easily  yields  trimethylamine  and  other  products  not  yet 
isolated.  This  explains  its  presence  in  the  brine  from  pickled 
herrings  (Hofmann,  "  Atiu.  Chem."  83  (1852),  116).  It  is  made 
synthetically,  by  gradually  substituting  in  ammonia  one  atom  of 
hydrogen  after  the  other  by  methyle,  and  by  other  methods. 

Chimical  Chafrtcters, 

Trimethylamine  is  a  volatile  base,  which  smells  like  ammonia 
and  hke  sea-fish  at  the  same  time.  It  combines  with  acids,  and 
yields  crystallised  salts.  It  is  not  more  poisonous  than,  and  in 
small  doses  acts  upon  animals  like,  ammonia.  Its  structure  may 
be  represented  by  the  formula  N^CHa.CHgjCHg. 

Mode  of  Obtaining  from  Urine, 

When  large  quantities  of  human  urine  are  distilled,  a  distillate 
k  obtained,  having  a  strong  smell  of  ammonia,  and  also  of  sea- 
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fish.  When  a  little  over-saturated  with  hydrochloric  acid,  it 
assumes  a  reddish  colour.  By  crystallisation  a  large  amount  of 
chloride  of  ammonium  is  separated ;  the  mother-liquor  is  evapo- 
rated to  dryness,  the  residue  extracted  with  alcohol,  and  the 
alcoholic  solution  is  mixed  with  tetrachloride  of  platinum.  After 
several  crystallisations,  fine  crystals  of  the  double  salt  of  tri- 
methylamine  and  tetrachloride  of  platinum  are  obtained,  contain- 
ing 3717  Pt,  and  40*22  CI,  and  having  the  formula  C^fl^fil^ 
Pt 

Sixty-five  litres  of  fluid,  being  previously  condensed  urine, 
gave  2200  grm.  of  chloride  of  ammonium,  and  only  17  grm.  of 
the  platinic  chloride  salt  of  trimethylamine,  corresponding  to 
only  3*7  grm.  of  free  trimethylamine- 


CHAPTER    XXIX. 

POTASSIUM   AND  SODIUM. 


HISTOKY  AND  OGCirfiRENCE. 

The  carbonates  of  theae  metals,  and  the  cUoride  of  sodium 
have  been  known  from  time  immemoriaL  But  while  the  use  of 
common  salt  as  an  ingredient  of  food  has  been  a  necessity  to 
mankind  for  thousands  of  years,  the  very  existence  of  potassium 
in  the  food  and  bodies  and  excretions  of  animals  was  unknown  up 
to  recent  times.  Potash  was  believed  to  be  a  product  of  the  life  of 
the  plants  Jrom  the  ashes  of  which  it  was  extracted,  until  Klaproth, 
in  one  of  tlie  most  luciferous  essays,  showed  that  it  also  occurred 
in  minerals.  From  that  time  chemical  analysis  traced  these 
metals  more  closely  through  the  tissues  and  juices  of  plants  and 
animals,  and  they  were  found  to  possess  each  a  specif  function 
in  \"ital  processes,  and  could  not  replace  each  other.  It  was 
ascertained  by  Liebig  that  the  salts  of  potassium  predomioated 
in  the  muscles  to  the  almost  entire  exclusion  of  sodium  salte, 
whereas  they  occurred  only  in  very  small  quantities  in  the  blood, 
in  which,  however,  sodium  salts  prevailed.  In  the  bile  of  the 
higher  vertebrates  the  specific  organic  acids  were  found  in  com- 
bination mainly  with  sodium,  while  in  certain  fishes  potassium 
formed  the  electro-positive  ingredient  of  bile.  The  investigation 
of  the  distribution  of  these  metals  in  the  various  parts  of  plants 
led  to  a  consideration  of  their  relations  in  food,  and  the  con- 
clugion  became  obvious  that  the  presence  of  potassium  salts  was 
an  important  item  in  the  total  of  its  value,  and  that  their  absence 
iliminished  the  value  of  any  food  almost  as  much  as  it  decreased 
the  fertility  of  any  given  soil. 

Cheinkal  Properties  of  Potassium  Salts. 

The  atomic  weii^ht  of  potassium,  K,  is  39.  Its  presence  in 
small  quantities  is  most  easily  ascertained  by  spectrum  andysis. 
iVll  potassium  salts  on  being  heated  on  a  platinum  wire  in  the 
flame  of  a  Bunsen's  burner  give  a  spectrum  showing  a  red  line  in 
the  least  refracted  part  of  the  spectrum,  a  sUght  continuous 
illumination  in  yellow,  green,  and  blue,  and  a  violet  line  in 
the  mo^t  I'efracted  part  of  the  spectrum.      Spectrum  analysis 
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therefore  enables  us  to  ascertain  the  presence  of  potassium  in 
mixtures  in  which  sodium  prevails.  The  violet  and  red  light  of 
potassium  vapour  is  very  evident  when  its  pure  salts  are  heated 
in  the  colouvless  gas  flame,  or  dissolved  in  burning  spirit,  but  the 
presence  of  sodium  entirely  hides  them  from  the  eye  under  these 
circumstances.  This  effect  of  sodium  can  be  eliminated  by  look- 
ing at  the  flame  through  a  dark  blue  glass,  or  a  vessel  filled  with 
a  solution  of  indigo  or  prussian  blue,  when,  if  potassium  be 
present,  the  flame  presents  the  violet  appearance.  When  larger 
quantities  of  potassium  salts  are  present  they  may  be  recognised 
by  the  conjbination  which  they  yield  with  platinum-tetrachloride, 
namely,  the  orange-yellow  cryatalline  precipitate  of  the  com- 
position 2(KCl)PtCl4,  This  is  somewhat  soluble  in  water,  but 
insoluble  in  alcohol ;  and  w^henever  it  is  intended  to  determine 
potassium  quantitatively  by  this  test,  its  solution  mixed  with 
platinuni-tetrfichloride  and  some  hydrochloric  acid  is  evaporated 
to  near  dryness,  and  then  treated  wnth  alcohol,  which  leaves  the 
potaesium  compound  undissolved.  The  potassium  salts  further 
yield  a  clmracteristic  crystaUine  precipitate  either  immediately 
or  after  some  time  when  they  are  mixed  with  tartaric  acid  until 
the  mixture  is  strongly  acid,  and  well  shaken.  This  compound 
is  mouopotassic  tartrate,  formerly  teiTued  acid  tartrate,  or  di- 
taitrate  of  potassium,  C^H^KO^ ;  it  is  .soluble  in  180  parts  of  cold 
water,  but  dissolves  easily  in  mineral  acids  and  alkaline  fluids. 

Chemical  Properties  of  Sodinrn  Salts, 

Atomic  weight  of  Na^23.  Sodium  salts  impart  an  in- 
tensely yellow  colour  to  Bunsen's  flame  or  burning  spirit; 
in  the  spectrum  they  produce  a  yellow  line  in  the  position 
of  the  line  D  of  Fraunhofers  solar  spectnun;  and  this  U 
line  of  the  sun  is  itself  due  to  the  reversion  of  the  spectrum 
of  sodium,  that  is  to  say,  to  an  absorjition  of  yellow  rays, 
emitted  from  the  sun's  solid  gh^wing  nucleus,  by  the  less  hot 
but  still  incandescent  gaseous  envelope  of  the  sun,  of  which 
sodium  is  a  principal  ingredieut  Sodium  forms  but  few  in- 
soluble combinations,  and  cannot  be  quantitatively  determined  by 
transformation  into  any  such  compound.  It  is  always  deter- 
mined as  a  residue  in  combination  with  sulphuric  acid. 

Mod*'  of  Ohtaining  the  Alkalusfrom  Urine* 
They  may  be  obtained  in  a  pure  state  by  the  process  to  be  re- 
lated in  the  next  paragraph,  w^hich  serves  for  their  quantitative 
determination.  But  they  may  also  be  separated  first  as  chlorides, 
phosphates,  and  sulphates,  by  evaporation  of  the  urine  and 
crystallisation,  and  then  separated  from  their  relative  acids,  or 
diagnosed  in  these  combinations  themselves.  When  it  is  in- 
tended to  separate  the  urinar}"  salts  by  f motional  crystalliyation, 
large  quantities  should  be  treated. 
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Mode  of  Iktermininff  the  Quantify  of  Potamum  and  Sodium 
in  the  Uritie* 

The  rationale  of  the  analysis  is  to  remove  sulphuric  and  phos- 
phoric acid  and  oi^ganic  matters,  to  transform  the  alkalies  en- 
tirely into  chlorides,  and  then  to  separate  them  hy  making  one 
of  them  insoluble. 

Of  a  solution  of  one  part  of  acetate  of  baryum  in  20  parts  of 
water,  made  strongly  alkaline  by  means  of  ammonia^  one  volume, 
say  20  c.c,  is  mixed  with  two  volumes,  40  cc,  of  urine.  After 
the  precipitate  has  begun  to  settle,  it  is  separated  from  the  fluid 
by  filtration.  Of  the  alkaline  filtrate,  which  contains  an  excess 
of  baryta,  45  c.c,  coiTesponding  to  30  c.c.  of  urine,  are  evapo- 
rated on  the  water-bath  in  a  platinum  dish,  dried,  and  exposed  to 
red  heat  until  the  carbon  is  entirely  burned.  AVater  is  now 
added  to  the  ashes  until  the  soluble  part  is  entirely  dissolved* 
After  the  addition  of  some  ammonia,  carbonate  of  ammonium  is 
added,  to  precipitate  all  baryum  in  the  form  of  carbonate.  The 
fluid  is  now  separated  from  the  insoluble  parts  and  precipitate 
by  filtration,  and  the  filter  is  washed  carefully.  The  filtered 
fluids  are  then  acidulated  by  means  of  hydrochloric  acid,  evapo- 
rated in  a  platinum  capsule  of  known  weight,  exposed  to  a 
gentle  red  heat,  and  weighed.  The  alkalies,  the  weight  of  which 
in  the  form  of  chlorides  has  thus  been  ascertained,  are  dissolved 
in  a  little  water ;  chloride  of  platinum  is  then  added  in  great 
excess,  the  mixture  is  evaporated  nearly  to  dryness  on  the  water- 
bath,  and  digested  for  several  hours  w^th  spirit  of  80  per  cent. 
When  the  supernatant  strata  of  the  mixture  indicate  hy  a  deep 
yellow  colour  that  a  suflicient  amount  of  chloride  of  platinum  is 
present,  and  when  after  frequent  stirring  of  the  mixture  all 
chloride  of  sodium  and  platinum  is  probably  dissolved,  the  solu- 
tion is  filtered  from  the  chloride  of  potassium  and  platinum,  and 
the  precipitate  and  filter  are  well  washed  with  spirit,  dried,  and 
weighed.  The  weight,  less  the  weight  of  the  filter,  is  chloride 
of  potassium  and  platinum  ;  100  parts  of  the  latter  correspond 
to  30'51  parts  of  chloride  of  potassium.  By  subtracting  the 
amount  of  the  latter  from  the  amount  of  the  united  chlorides, 
the  rest  gives  the  amount  of  chloride  of  sodium.  The  amount 
of  chloride  of  potassiimi  found,  gives,  by  multiplication  ^ith 
0*6317,  the  corresponding  amount  of  potash  ;  and  the  amount  of 
chloride  of  sodium  found,  multiplied  by  05302,  gives  the  corre- 
sponding amount  of  soda, 

Phifdological  BdatioTis  of  Potash  and  Sodu. 

The  facts  adduced  by  Liebig  are  of  so  remarkable  a  nature, 
that  to  follow  them  out  promises  to  be  a  source  of  progress  in 
practical  medicine.  The  analysis  of  the  urine  will  always  he  the 
principal  means  for  ascertaining  the  proportions  of  these  alkalies 
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to  each  other,  and  to  the  other  mgredienta  of  the  juices  of  the 
body.  The  problem  is  therefore  a  physiological  one ;  and  the 
analysis  above  detailed  should  not  be  considered  as  a  mere  exer- 
ciBe  in  the  laboratory. 

Many  animals  take  with  their  food  no  phosphate  of  sodium,  aj 
salt  indispensable  to  the  integrity  of  the  blood  and  body.     Bui 
they  take  phosphate  of  potassium  and  chloride  of  sodium.     In  ' 
these  animals,  however,  we   tind  in   the   blood  phosphate  of 
sodium*  and  in  the   muscles   chloride  of  potassium ;   neitherj 
of  which  salts  they  have  taken  with  their  food.     From  this  fa 
and  from  other  experiments  in  the  laboratory^  the  conclusion 
inevitable,   that   phosphate   of    potassium,   when    mixed   wit 
chloride  of  sodium,  gives  a  part  of  its  potassium  off  to  soi 
chlorine,  which  in  its  tiu'tt  parts  with  some  sodiiun.     The  latt 
juina  the  phosphoric  acid,  phosphate  of  sodium  being  formed. 

The  relations  of  the  salts  of  potassium  to  the  muscles  are  no 
aa  yet  understood*  But  the  same  physiological  law  which  con* 
fines  phosphate  of  sodium  to  the  blood,  and  makes  it  indispens- 
able there,  is,  no  doubt,  active  in  confining  the  salts  of  potassium j 
to  the  muscles.  To  bring  about  an  understanding  of  these  rel 
tions  is  a  problem  of  experimental  physiology. 

Distribution  of  Acids  anwngst  tJu  Alkaline  Metals, 

It  is  certainly  very  difficult  to  show  in  which  manner  the 
various  acids  and  bases  contained  in  the  urine  neutralise  each 
other,  or  are  decomposed  by  each  other.  But  we  may  obtain 
some  insight  into  these  relations  by  the  usual  process  of  determin- 
ing the  total  quantities  of  all  acids  on  the  one,  and  the  total 
quantities  of  all  bases  on  the  other  side,  and  then  allowing 
them  to  lie  neutralised  by  each  other  in  the  order  of  their  sup- 
posed affinity.  Another  means  for  attaining  the  same  object  con- 
sists in  evaporating  the  urine,  and  ascertaining  the  manner  and 
order  in  which  the  various  combinations  ciystallise.  By  this 
latter  method  we  obtain  the  following  individual  salts  of  the 
alkali  metals : — 

Sodium  Chloruh,  NaCL,  At.  W.  =  585, 

It  crystallises  in  little  cubes  from  evaporated  urine ;  they  are 
frequently  so  arranged  as  to  form  pyramids,  and  under  certain 
conditions  these  pyramids  pass  into  regular  octahedra.  The 
cubes  of  sodium  chloride  do  not  fuse  when  heated  on  platinum, 
whereas  the  cubes  of  potassium  chloride  fuse  easily  under  these 
conditions.  When  water  is  digested  with  sodium  chloride  at  the 
ordinary  temperature  of  the  air  during  24  hours  it  is  foimd  to 
contain  31 -84  grm.  of  the  chloride  in  every  100  c.c,  and  this  oc 
ours  so  invariably  that  a  saturated  solution  of  sodium  chloridi 
may  be   mud*^   the   standard   and  starting-point  of   important 
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analytical  processes,  as  we  have  shown  io  the  chajjler  on  the 
analysis  of  urea. 

Potassium  CJdoridc,  KaCl,  At  W.  —  74'5. 
This  salt  crystalliseg  in  cubes,  which  are  fusible  oo  platinum, 
and  thereby  easily  distinguished  from  the  sodium  cubes.  It  has 
less  tendency  to  form  the  oetahedral  cry^stala  than  the  sodturn 
salt.  It  is  more  hygroscopic  than  the  sodium  salt.  The  solu- 
tion when  not  too  dilute  gives  the  orauge  precipitate  with  plati- 
num tetrachloride  already  described.  The  watery  solutions  of 
crystals  of  the  potassium  and  sodium  chloride  each  give  the 
reactionB  for  chlorine,  namely,  a  white  precipitate  with  silver 
nitrate  insoluble  in  nitric  acid,  soluble  in  excess  of  ammonia;  a 
white  precipitate  with  the  nitrate  of  mercury  suboxyde,  which 
is  insoluble  in  acids,  blackened  by  ammonia ;  their  concentrated 
solutions,  when  mixed  with  nitrate  of  mercury-oxyde,  deposit  a 
niasfi  of  white  crystals  of  mercury  dichloride;  but  dilute  solu- 
tions of  these  reagents  efiiect  no  visible  change,  although  the 
double  decomposition  continues  until  the  whole  of  the  alkali 
metal  has  become  nitrate,  and  the  whole  of  the  mercury 
dichloride.  This  reaction  we  have  described  above  as  the  basis 
of  a  particular  method  for  determining  chlorine  in  urine.  From 
an  acid  solution  of  the  chlorides  the  entire  amount  of  chlorine 
can  be  removed  by  silver,  and  determined  by  weighing  the 
silver  chloride.  From  a  neuti-al  solution  of  the  chlorides  all 
chlorine  may  be  precipitiited  if  a  solution  of  silver  nitrate  is 
added  until  neutral  potassium  chroniate  produces  reddish  precipi- 
tate of  silver  chromate.  This  reaction  is  the  basis  of  a  volumetric 
determination  of  chlorine  in  urine. 

Sodium  ami  Pot  ami  urn  Sitipkfttt\ 

These  salts  cr}'atallise  from  the  mother-liquor  of  the  urinary 
crystals,  particularly  by  the  influence  of  cold.  But  they  can 
also  be  precipitated  by  alcohol^  in  w^hich  they  are  almost 
insoluble,  while  the  chlorides  are  very  soluble,  and  tlie  phos- 
phates soluble  to  some  extent  in  alcohol. 

Sodmm  sulphate,  Na^SO^-h  10  aq..  At.  W.  —  332,  crystallises 
as  Glauher^s  salt,  in  gfassy  cr^^stals,  which  witlier  in  the  air. 
On  evaporation  of  a  saturated  solution,  or  by  precipitation  with 
alcohol,  it  is  obtained  in  anhydrous  rhombic  octahedra. 

Potassiiim  mdpkatc^  K^SO^,  At  W.  —  174,  on  the  other  hand, 
crystallises  without  water  in  glassy,  hard,  small  crystals,  which, 
though  anhydrous,  decrepitate  by  heat. 

The  sulphates  of  potassium  and  sodium  can  be  completely 
transformed  into  the  chlorides  by  repeatedly  subjecting  them  to 
the  influence  of  red  heat  in  the  presence  of  ammonium 
chloride. 
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Sodium  and  Potctssium  Ph^ispkatts, 

Sodium. plwsphaie,  HNii^PO^^  occura  in  the  iirine  and  other 
animal  fluids,  and  is  obtaiaed  by  crystallisation  with  24  atoms 
of  water  of  ei7staIlisLition.     In  that  state  it  corresponds  to  thai 
ordinary  sodium  phosphate  of  the  pharmacopteas.      It  fonnsi 
glassy  oblique  rhomlMc  prisma,  efiloresces  in  the  air.  fuses  at 
gentle  heat,  and  at  Zi}if  loses  60  per  cent  of  water;  at  a 
heat  it  loses  the  molecule  of  basic  water,  249  per  cent,  anfl 
becomes  pyrophosphate,  Ka^PjO^. 

The  acid  mdinm  pkoqyhate,  NaH^PO^,  is  formed  in  nriue 
nnder  the  influence  of  the  organic  acids  which  are  produced  by 
the  animal  process.  It  crystallises  from  evaporated  urine  in 
different  forms,  of  which  the  rhombic  prisra  is  the  most  common. 
The  crystals  contain  2  atoms  of  water,  which  they  lose  at  100°, 
At  between  190''  and  204"  they  lose  one  atom  of  basic  water, 
and  become  monohydmted  pyrophosphate ;  at  204**  to  244*"  they 
are  transformed  into  metaphosphate,  NaPO^. 

The  jr>o^fi^A^{wm  salt^  K^HPO^,  corresponding  to  the  oixlinary 
sodium  phospliate,  cannot  be  obtained  in  the  crystallised  condi- 
tion, and  is,  perhaps  mainly  for  this  reason,  usually  not  enume- 
rated amongst  the  ingredients  of  urine  or  animal  fluids.  The 
acid  salt,  KH^IMJ^,  crystallises  without  water  of  crystallisation, 
and  its  crystals  remain  glass-like  up  to  204".  It  is  easily 
soluble  in  water,  insoluble  in  spirit,  has  a  strongly  acid  taste, 
and  reddens  litmus  strongly,  but  the  redness  disappears  on 
drying  of  the  paper. 


CHAPTER  XXX. 

CALCIUM   ANI)    MAGNESIUI^r. 


OCCURRENCE, 

Calcium  and  magneaium  occur  in  the  urine  hi  combination  with 
phosphoric  acid,  as  acid  phosphates  and  as  urates,  hippurates  and 
kr}T)tophauates  in  solution.  The  phosphates  of  earth  are  met 
with  as  deposits  in  alkaline  urine,  and  as  concretions  in  urinary 
calculi,  of  which  they  most  frequently  constitute  the  crust,  but 
sometimes  also  the  entire  substance.  In  the  urine  of  herbivorous 
animals  calcium  and  magnesium  frequently  occur  as  carbonates. 

Phyncai  mid  Chemical  Praperties. 

(a.)  Of  Calcium-  Phmphate,  CagP^Og. — This,  the  tribasic  salt,  is 
obtained  by  dissolving  bone-ash  in  hydrochloric  acid,  and  preci- 
pitating by  ammonia.  The  addition  of  ammonia  to  urine  also 
produces  this  pn'ccipitate,  together  with  ammonio-phosphate  of 
nuignesium.  Voluminous  gelatinous  flakes,  which,  on  dr3ang, 
shrink  to  a  white  amorphous  mass.  It  is  easily  soluble  in  nitric 
and  hydrochloric  acid ;  when  freslily  precipitated,  also  in  acetic 
acid.  When  this  solution  is  allowed  to  stand  some  time,  the 
phosphate  has  a  great  inclination  to  fall  down  in  a  crystalline 
state,  particularly  when  the  mixture  is  warmed  a  little,  and  the 
phosphate  is  prevalent.  Freshly  precipitated,  it  also  dissolves 
lai^eJy  in  concentrated  caustic  potash.  When  dissolved  in  acids 
or  in  the  urine,  the  phosphate  contains  only  one  atom  of  calcium, 
two  atoms  being  withdrawn  by  the  dissolving  acid. 

(5.)  Of  Mapusiitm  Phosphate, — ^The  addition  of  caustic  potash 
to  a  solution  in  acid  of  magnesium  phosphate  produces  the  tri- 
basic salt,  MgP^O^,  which  at  1  DO"*  retains  tive  molecules  of  water. 
But  when  ammonia  is  added  to  a  solution  of  magnesium  phos- 
phate,  then  crfstala  of  phosphate  of  magnesium  and  ammonium  are 
precipitated,  Mg^(NHJ2P.p^j+12H^O,  or  MgCNHJPO^  +  GHgO, 
This  salt  is  easily  soluble  in  acids,  even  acetic,  insoluble  in 
water  containing  excess  of  ammonia.  It  occurs  in  ammoni- 
acal  urine  as  a  deposit,  is  found  in  the  urinaiy  passages  in  cer- 
tain diseases,  and  encrusts  certain  urinary  calculi.  It  is  the 
fjrincipal  constituent  of  the  intestinal  calculi  of  horses.     It  is 
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supposed  that  while  calcium  phosphate  is  dissolved  in  urine  as 
acid  salt,  CaH^P^Og,  the  magnesium  phosphate  is  dissolved  as 
half  basic,  MgJHjP-Og,  or  MgHPO^,    Its  nearly  neutral  solution 

becomes  turbid  by  tio3ing,  but  clears  up  again  on  cooling. 

SqKtratian  a/Fhmphate  of  Calcium  and  Magnesium  from  Urine, 
and  Determinaiian  of  their  CoUecHve  Afnouni, 

This  is  effected  by  adding  to  urine  some  ammonia,  until  a 
strong  alkaline  reaction  is  observed.      The  earthy  phosphates 

thus  precipitated  may  be  collected  on  a  filter,  washed,  exposed  to 
read  heat  and  weighed.  This  residue  contains  on  an  average 
67  per  cent,  magnesium  pyrophosphate,  and  33  per  cent,  tribasic 
calcium  phosphate.  Or,  after  collection  on  the  filter,  they  may  be 
redissolved  in  acetic  acid,  and  in  this  solution  the  amount  of 
phosphoric  acid,  fouud  by  the  analysis  described  above,  may,  by 
the  known  atomic  weights,  iodicate  the  amount  of  earths  in  com- 
bination. Or,  if  the  phosphates  of  the  alkalies  are  to  be  determined 
also,  the  analysis  described  in  a  previous  chapter  may  be  used^ 
by  which,  in  the  first  instance,  the  entire  amount  of  phosplioric 
acid  contained  in  the  urine,  and  then  of  phosphoric  acid  in  com- 
biuation  with  the  alkalies,  is  determined,  the  difference  corre- 
sponding to  the  amount  of  phosphoric  acid  in  combination  with 
the  earths. 

Modks  of  Asctriaining  tlu  Separate  Qnaniities  of  Calcium  and 
Magnesium  in  Urine, 

All  the  following  methods  are  preceded  by  the  separation  from 
urine  of  both  earths  by  means  of  ammonia,  and  by  the  solution 
of  the  washed  precipitate  in  acetic  acid.  From  the  latter  solution 
the  calciom  is  always  obtaiued  as  the  oxalate.  From  this  point 
the  analyses  be^in  to  vary. 

Detemiination  of  the  Calcium  as  Snlj^haie, 

The  oxidate  of  calcium  obtained  by  addition  of  oxalate  of  am- 
monium to  the  solution  in  acetic  acid  of  the  precipitate,  which 
a  measured  quantity  of  urine  yielded  after  addition  of  ammonia, 
is  exposed  to  a  strong  red  heat  in  a  platinum  capsule.  To  the 
lime  thus  transformed  into  carbonate,  partly  into  caustic  lime^ 
some  sulphuric  acid  is  added,  with  great  care,  in  small  portions, 
by  means  of  an  elastic  pipette,  until  an  acid  reaction  is 
observed.  After  drying,  and  a  second  exposure  to  red  heat, 
the  calcium  is  obtained  in  the  form  of  sulphate,  which,  by  mul- 
tiplication with  0*4118,  gives  the  amount  of  lime  contained  in 
the  sulphate. 
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Deicrminaiion  of  the  Maffnesimn  as  Pyrophosphate, 

The  filtered  fluid  obtained  from  the  oxalate  of  lime  in  the 
course  of  the  foregoing  analysis,  is  treated  with  ammonia  untO 
alkaline,  whereby  the  magnesium  is  precipitated  in  the  form  of 
Mg(NHJP0^4-6aq,,  the  so-called  triple  phosphate,  or  ammonio- 
phosphate  of  magnesium.  As  the  crystals  settle  easily  to  the 
bottom  of  the  vessel,  this  salt  may  be  washed  by  decantatioo  of 
repeated  quantities  of  water,  containing  some  ammonia  added  to 
it.  It  is  then  collected  in  the  platinum  capsule,  and  exposed  to 
red  heat.  If  collected  on  a  filter,  the  latter,  after  removal  of  the 
greater  bulk  of  the  crj^stals  into  the  platinum  capsule,  has  to  be 
burned  separately  by  Bunsen's  process.  Precipitate  and  filter, 
wheu  united,  are  then  exposed  to  red  and  white  heat.  The  triple 
phosphate,  by  losing  all  its  water  and  ammonia,  is  thus  trans- 
formed into  pyrophosphate  of  magnesium  of  the  composition 

Hemp^Ts  Method  of  Determining  the  Calcium  as  Oxalate,  hy  muans 
of  Fennangamite  of  Fotamum. 

From  the  solution  of  the  mixed  earths  in  acetic  acid  the 
calcium  is  precipitated  by  oxalate  of  ammonium,  collected  on  a 
filter,  and,  after  washing,  is  dissolved  in  a  few  drops  of  hydro- 
chloric acid.  To  this  solution,  after  warming  it  a  little,  a  gra- 
duated solution  of  permanganate  of  potassium  is  added,  so  long 
as  discoloration  continues  to  take  place.  From  the  amount  of 
solution  of  permanganate  of  potassium  used,  the  amount  of  oxalic 
acid  is  found,  and  from  this  the  amount  of  calcium  originally 
combined  vntix  phosphoric  acid. 

Frejmration  of  the  Solution  of  Permanganate  of  Potassium. 

As  the  solution  of  pemianganate  cannot  be  kept  for  any 
length  of  time  without  undergoing  changes,  its  graduation  has  to 
be  checked  before  each  analysis.  For  this  purpose,  and  for  the 
original  graduation,  a  sohition  of  oxalic  acid  in  water  is  used, 
which  in  ever}'  cubic  centimetre  contains  10  milligrm,  of  oxalic 
acid.  The  solution  of  permanganate  of  potassiimi  is  then  gradu- 
ated so  that  10  c.c.  will  exactly  suflice  to  oxydise  10  milligrm. 
of  oxalic  acid,  and  to  make  the  signal  of  the  completed  oxydatiou 
by  the  appearance  of  the  red  colour. 

The  solation  of  oxalic  acid  is  made  by  dissolving  1  grm,  of  the 
acid,  dried  at  100^  in  100  c.c.  of  water.  Of  this  solution  10  c.c. 
are  taken  by  means  of  a  pipette,  and  transferred  to  a  beaker. 
We  now  add,  from  a  burette,  of  the  solution  of  permanganate 
which  is  to  be  graduated,  as  much  as  necessary  to  produce  the 
lasting  red  test.  Supposing  that  83  c.c.  have  been  used  for  that 
purpose,  we  then  add  to  every  830  c.c.  of  the  solution  170  c.c.  of 
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water,  whereby  we  obtain  1000  c.c,  of  solation,  of  which  10  ex. 
will  exactly  suffice  for  oxydising  10  ex.  of  the  solution  of  oxalic 
acid,  containiDg  100  milligrm.  of  the  acid. 

It  k,  however,  leas  troublesome  to  merely  determine  the 
quantity  of  solutiou  of  permanganate  of  pitassium  required  for 
oxydising  a  known  amount  of  oxalic  acid,  without  adjusting  its 
bulk  to  that  of  the  solution  of  the  acid. 

If,  therefore,  the  above  solution  be  taken  as  it  is,  without  add- 
ing the  170  c,c.  of  water,  then  its  value  would  be  expr^sed  by 
8*3  c.c.  ::^  100  milligrm,  of  oxalic  acid.  The  calculation  after 
the  use  for  real  experiment  would  therefore  be  83  c.c,  of 
standard  solution  :  100  milligmi.  of  oxalic  acid  =  ncc.  standard 
solution  :  x  milligrm.  of  oxalic  acid. 

This  analysis  has  been  combined  by  Vogel  with  the  volu- 
metrical  analysis  of  phosphoric  acid,  so  that  by  two  anal>*8es  the 
quantities  of  phosphoric  acid  and  both  earths  are  determined. 
He  for  that  purpose  takes  the  precipitates  from  two  equal  quan* 
tities  of  urine,  and  determines  in  the  one  the  entii-e  amount  of 
phosphoric  acid,  in  the  other  the  amount  of  calcium  as  just 
described.  From  the  total  amount  of  phosphoric  acid  the  equi- 
valent for  calcium  is  now  deducted ;  the  rest  of  the  acid  indicates 
the  amount  of  magnesium  with  which  it  was  combined. 

The  operator  must  take  care  to  use  a  Gay-Lussac's  burette  for 
the  solution  of  permanganate  of  potassium,  as  this  fluid  is  decom- 
posed by  the  cautchouc  of  Mohr's  burette. 

Deposit  of  Earthy  Phosphates. 

JkB  a  rule,  deposits  of  amorphous  earthy  phosphates  with  three 
atoms  of  base  can  exist  only  in  urine  exerting  an  alkaline  reaction 
upon  test-paper.  The  preseDtation  of  an  acid  reaction  by  urine, 
therefore,  excludes  the  possibility  of  the  occurrence  of  these 
deposits*  Thera  is  only  one  (questionable)  case  in  w*hich  a 
deposit  of  an  earthy  phosphate  is  compatible  with  an  acid 
reaction  of  the  urine,  namely,  when  urine  containing  little  or  no 
free  acid  exerts  an  acid  reaction  from  the  presence  of  chloride  of 
ammonium.  In  this  case  a  deposit  of  ]>hosphate  of  magnesium 
may  perhaps  exist;  for  this  salt  is  little  or  not  soluble  in 
chloride  of  ammonium.  But  phosphate  of  calcium  is  so  soluble 
in  the  latter  salt,  that  it  could  not  exist  as  a  deposit  so  long  as 
any  acidity  of  the  chloride  of  ammonium  is  not  neutralised. 

The  observations  which  are  said  to  have  been  made  of  uriuft 
having  an  acid  reaction,  and  yet  containing  a  permanent  deposit 
of  phosphates,  if  they  cannot  be  explained  in  the  way  just 
detailed,  must  be  considered  a^  fallacious.  I  have  made  some 
obser\'ation8,  which  may  serve  to  explain  the  manner  in  which 
such  statements  have  arisen.  Clear  acid  urine  was  allowed  to 
stand  for  three  hours,  when  a  pellicle  of  phosphates  was  observed 
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on  the  surface.  Blue  test-paper,  immersed  an  inch  deep  into  the 
fluid,  on  being  \vithdm\ni  had  become  red.  Another  piece  of 
the  htue  test-paper  was  now  h\id  flat  upon  the  surface  of  the 
fluid,  wh©n  uo  reaction  took  place.  The  upper  stratum  of  the 
urine  had  evidently  become  alkaline  under  the  influence  of  the 
air,  while  the  lower  strata  had  retained  their  acidity. 

Urine  may  be  acid  for  a  short  time  and  yet  contain  a  deposit 
of  phosphates  ;  or  it  may  contain  a  deposit  of  phosphates  for  a 
short  time,  and  yet  remain  acid,  under  the  following  cii'cum- 
stances: — If  to  acid  urine  in  the  bladder  a  secretion  of  alkaline 
urine  be  superadded,  and  the  person  remain  verj^  quiet,  the 
lower  strata  of  the  urine  in  the  bladder  may  be  alkaline,  and 
contain  a  deposit,  while  the  upper  remain  acid.  Of  course  this 
may  vary  according  to  the  dift'erent  densities  of  the  two  secre- 
tions. My  explanation  is  based  upon  a  case  in  which  urine  was 
discharged  acid,  and  yet  thick  from  the  presence  of  phosphates. 
But  the  upper  strata  of  the  urine  soon  became  quite  clear, 
and  a  little  cloud  at  the  bottom  of  the  vessel  dissolved  on 
agitation. 

We  have  already  seen  that  an  alkaline  reaction  of  the  urine 
may  be  due  to  various  causes,  and  have  distinguished  between 
alkaline  reaction  from  fixed  alkalies,  derived  from  the  blood,  and 
that  which  is  due  to  the  presence  of  ammonia  from  decomposi- 
tion of  urea.  The  deposits  of  earths  taking  place  under  the 
neutralising  influence  of  both  alkalies  are  identical  as  regards 
phosphate  of  lime,  different  as  regards  phosphate  of  mi^esia. 
For  the  latter  is  deposited  by  fixed  alkali,  as  Mg^P^Og  +  S  aq., 
while  in  the  presence  of  ammonia  it  takes  up  one  molecule  of  this 
base  and  water  of  crystallisation,  and  appears  as  Mg(KH4)r04+6 
aq.  A  deposit  containing  this  latter  salt  is  therefore  due  to  the 
presence  of  ammonia  from  decomposed  urea.  If  the  acid,  by 
means  of  which  phosphate  of  calcium  is  kept  in  solution  in  the 
urine»  be  a  volatile  one,  namely,  carbonic  acid,  as  was  observed 
in  one  case,  which  will  be  quoted  in  another  page,  the  spontane- 
ous or  intentional  evaporation  of  the  acid  may  cause  a  deposit  of 
lime  to  appear. 

Dejyodts  of  Phosphate  of  Lime, 

Fhi/^^^d  Vhtracters. — Deposits  of  phosphate  of  calcium,  as 
usually  occuiTing  in  the  urine  and  mixed  with  magnesium,  are 
always  white,  amoqihous,  under  the  microscope  appearing  in 
granules,  sometimes  of  a  greenish  tinge,  which  exert  a  refracting 
action  upon  light.  Crystallised  deposits  of  this  substance  have 
also  been  observed  to  constitute  or  be  an  admixture  of  some 
crystalline  sediments. 

They  have  also  been  produced  artificially  in  urine. 

CfysUdliaaiiofL — Phosphate  of  calcium  may  be  obtained  in  a 
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crystalline  state  from  its  solution  in  acetic  acid  When  this 
solnfcion  is  allowed  to  stand  some  time,  the  phosphate  has  a  great 
inch  nation  to  fall  down  from  it  in  a  crystalline  state^  particnlarly 
when  the  mixtui-e  is  warmed  a  little,  and  when  the  phosphate 
is  prevalent.  By  precipitation  of  phosphate  of  sodium  with 
chloride  of  calcium,  an  amorphous  gelatinous  deposit  of  phos- 
phate of  calcium  is  obtained.  This  after  standing  some  days 
becomes  transparent,  like  solution  of  gum.  When  a  sunbeam  is 
now  allowed  to  fall  on  the  precipitate,  myriads  of  glistening 
crj^stalline  paints  may  be  observed  disseminated  through  the 
amorphous  part  of  the  deposit.  Under  the  microscope  these 
crystals  appear  as  delicate,  thin,  clino-rhombic  plates,  very  much 
like  the  crystals  of  oxalate  of  urea. 

Chemical  Diagnosis  of  Deposits  of  Phmphxite  of  Calcium, — The 
common  occurrence  in  neutral  or  alkaline  urine  is  the  first  point 
to  he  observed.  The  deposit  is  insoluble  in  water,  soluble  in 
weak  acids,  such  as  acetic  acid,  and  is  again  precipitated  from 
the  acid  solution  in  its  original  form  by  ammonia.  Fi*om  the 
acetic  acid  solution  oxalate  of  ammonium  throws  down  oxalate 
of  calcium.  This  latter  test  distinguishes  it  from  the  phosphate 
of  magnesium,  with  which  it  is  always  mixed.  Phosphate  of 
calcium  alone  does  not  easily  fuse  before  the  flame  of  the  blow- 
pipe. 

Wlien  diffused  in  urine,  the  deposit  appears  like  a  dense  cloud 
of  mucous,  from  which  it  is  not  easUy  distinguished,  because  it 
is  mostly  mixed  with  it,  and  resembles  it  in  colour.  W^lien  it 
appears  in  urine  on  the  application  of  heat,  its  resolution  on 
cooling,  or  by  the  addition  of  an  acid,  distinguishes  it  from 
albumen. 

De}yosii8  of  Ammonio-Pk^yi^hatc  of  Magnemum. 

Physical  Characters. — Deposits  of  this  substance  always  occur 
in  well-defined  crystals  in  amraoniacal  urine.  No  substance 
commonly  occurring  in  the  urine,  and  being  insoluble  in  water, 
presents  the  same  glistening  glass-like  appearance. 

Form  of  CrysinUmitum. — The  triple  phosphate  crystallises  in 
the  rhombic  system.  The  form  most  commonly  met  with  is  the 
vertical  prism,  combined  with  terminal  planes  derived  from 
macro-  and  brachy-diagonal  horizontal  prisms.  Some  of  these 
forms  resemble  hippuric  acid  very  much.  But  there  is  this 
crystallographical  distinction  between  them,  that  on  crj'Stals  of 
hippuric  acid  we  frequently  observe  planes  derived  from  the 
rhombic  octahedron,  which  in  triple  phosphate  are  scarcely  ever 
met  with. 

Not  rarely  these  cr)'stal8  have  a  tendency  to  cross  each  other 
at  regular  angles.  This  is  best  seen  in  crystals  obtained  from 
blood.     The  latter  serve  to  explain  other  forms  observed  in  the 
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lU'ine,  namely*  the  stellae,  which  are  not  merely  acicular  priBma 
cohering  at  one  end,  but  prisms  crossed  at  regular  and  sym- 
metrical intervals.  They  very  much  resemble  crystals  of  snow. 
These  latter,  however,  being  prisms  of  the  hexagonal  or  rhomho- 
hedral  system,  cross  at  equal  angles  (of  one  sixth  of  the  circle 
each),  while  the  triple  phosphate  crystals  cross  at  angles  of 
which  only  four  are  equal,  the  other  two  being  equal  to  each 
other. 

The  stellar  and  f oliaceous  crystals  are  not  all  formed  by  cross- 
ing only,  some  being  appositions  of  groups  of  crystals  in  the  pro- 
longations of  the  axes  of  a  central  crystal.  In  this  way  the  most 
fanciful  forms  ai*e  obtained. 

The  crystals  of  triple  phosphate  polarise  light,  and  then 
appear  tinted  with  prismatic  colours.  When  seen  in  a  sunbeam 
reflected  through  the  polarising  microscope,  they  appear  fine 
objects  for  studying  the  phenomena  of  polarisation. 

Chemital  Pro/?€r^i«yf,— When  kept  in  water  the  triple  phosphate 
disintegmtes,  the  surface  of  the  crystals  becomes  corroded,  and 
at  last  there  is  nothing  left  but  amorphous  phosphate  of  mag- 
jiesium.  This  corrosion  is  prevented  by  the  presence  of  free 
ammonia,  which  makes  them  quite  insoluble  in  water,  and  is 
therefore  eligible  as  a  preserving  fluid  for  microscopical  speci- 
mens. When  the  tmusparent  crystals  are  exposed  to  a  boiling 
heat,  they  lose  water  of  crystallisation  and  become  opaque. 
They  are  easily  soluble  in  acetic  acid,  and  from  this  solution 
may  be  obtained  again  by  excess  of  ammonia. 

When  heated  with  a  solution  of  potash,  the  triple  phosphate 
is  decomposed,  the  potash  combining  with  the  phosphoric  acid 
and  setting  free  the  ammonia  and  the  ir^agnesia.  The  former 
volatilises,  and  may  be  detected  by  the  smeU,  while  the  magnesia 
i^  precipitated. 

Earthy  Fhmphates  in  Calculi, 

Not  quite  10  per  cent  of  all  calculi  have  a  nucleus  of  mixed 
phosphates.  But  these  substances  enter  into  the  composition  of 
about  34  per  cent,  of  all  calculi,  forming  either  their  body,  one 
or  more  layers,  or  the  crust  This  shows  that  the  presence  of 
deposits  of  mixed  phosphates  in  the  urine  does  give  rise  to  the 
formation  of  calculus,  but  that  the  presence  in  the  bladder  of 
other  calculi  more  frequently  causes  a  deposit  of  phosphates  to 
be  formed  around  them,  in  which  respect  every  calculus  is 
nothing  else  than  a  foreign  body. 

Prout  found  the  proportion  of  phosphate  of  calcium  calculi  to 
the  whole  number  contained  in  various  museums  as  1  to  117. 
The  proportion  of  calculi  composed  of  pure  triple  phosphate  was 
1  to  126.  The  relative  proportion  of  the  mixed  phosphates  he 
put  as   I   to  12.      The   general   proportion  of  all  the  calculi, 
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arranged  under  the  heads  of  the  phosphates  in  different  museupjs, 
he  found  as  1  to  10.  In  alternating  calculi,  the  phosphates  suc- 
ceeded to  uric  acid  in  the  proportion  of  1  to  9.  The  ratio  in 
which  the  pliosphates  succeeded  to  urate  of  ammonium  (and 
sodium)  was  as  I  to  1 2  ;  and  in  which  the  phosphates  succeeded 
to  the  oxalate  of  calcium  was  as  1  to  7.  On  the  contrary,  three 
instances  only  occurred  in  which  the  uric  acid,  or  urate  of  am- 
monium, succeeded  to  a  phosphate ;  and  the  proportion  in  which 
the  oxalate  of  calcium  succeeded  to  the  phosphates  was  as  1  to 
253  only.  The  general  proportion  in  which  the  phobphates  suc- 
ceeded to  the  other  ingredients  was  as  1  to  4. 

From  these  facts,  Prout  deduced  the  general  law  that  in  uri- 
nary calculi  a  decided  deposition  of  the  mixed  phosphates  is  not 
followed  by  other  depositions. 

Calculi  of  phosphate  of  calcium  have  mostly  a  smooth  surface, 
and  are  composed  of  concentric  layei's,  which,  when  the  calculus 
is  broken,  separata  from  each  other  with  great  facility,  forming 
detached  crusts.  These  are  almost  infusible  before  the  blow- 
pipe, requiring  for  fusion  so  intense  and  prolonged  a  heat,  that 
few  can  succeed  in  fusing  them  (Bowman).  The  chemical  char- 
acters of  these  calculi  are  those  of  phosphate  of  calcium,  as 
described  above. 

Calculi  composed  entirely  of  triple  phosphate  are  generally 
crystalline,  or  consisting  of  aggregated  prismatic  crystfids;  they 
often  contain  cavities  filled  with  large  and  perfect  crystals  of 
triple  phosphate,  or  have  their  surface  covered  with  a  smaller 
variety  of  tliem.  JSpecimens  of  this  kind  are  contained  in  the 
Museum  of  the  College  of  Surgeons* 

Before  the  blowpipe,  the  triple  phosphate  gives  off  the  smell 
of  ammonia,  swells  up,  gradually  becomes  grey,  and  ultimately 
fuses. 

Calculi  composed  of  phosphate  of  calcium  and  triple  phosphate 
are  commonly  called  fusible  calculi,  from  the  readiness  with 
which  they  fuse  before  the  blowpipe,  giving  off  ammonia  and 
water,  and  leaving  a  mixture  of  phosphate  of  calcium  and  pyro- 
phosphate of  magnesium. 

Calculi  of  P/ws^haUs  of  Earths  arising  in  ths  Urinary  Bladder 

in  Typhus, 

The  relaxation  of  the  striated  muscles  which  takes  place  in 
typhus  fever  frequently  causes,  particularly  in  old  persons,  great 
distention  of  the  urinary  bladder.  This  distention  is  not  rarely 
overlooked,  as  there  is  no  impediment  to  the  flow  of  urine  by 
abdominal  pressure.  It  is  also  accompanied  with  involuntary 
passing  of  the  urine,  particularly  in  young  persons.  In  children 
T  have  seen  it  pass  into  retention,  with  deposits  forming  in  the 
bladder.     It  is  most  frequent  amongst  men  in  the  later  periods 
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of  life.  The  retention  does  not,  so  long  as  the  urine  haB  the 
acid  concentrated  character  of  the  febrile  stage,  produce  any 
phosphatic  deposits ;  but  during  the  anaemic  state  of  recovery 
ammoniacal  decora  position  takes  place,  mucus  is  secreted,  phos- 
phates are  deposited,  and  calculi  are  formed,  which  increase 
rapidly,  and  if  not  removed  by  operation  cause  kidney  disease 
and  death.  The  calculi  under  consideration,  four  in  number, 
came  from  such  a  case.  They  had  the  size  of  walnuts,  were 
white,  hard,  and  contained  each  a  cavity  of  the  size  of  a  pea  in 
their  interior.  The  cavities  were  empty  when  observed,  which 
was  after  the  calculi  had  been  dry  for  some  time.  There  is 
little  doubt  that  the  contents  of  these  cavities  were  originally 
T uncus,  upon  which  the  outer  matter  had  been  deposited.  The 
umcus  drying  up  left  the  cavities. 

Analysis  of  one  of  the  Calculb — The  finely-powdered  stone  was 
almost  entirely  soluble  in  dilute  hydrochloric  acid,  the  solution 
being  only  slightly  opalescent.  The  filtered  solution  gave  on 
addition  of  ammoDia  a  precipitate  easily  soluble  in  dilute  acetic 
acid.  On  addition  of  oxalate  of  ammonium  a  minute  precipitate 
of  oxalate  of  calcium  was  observed.  On  adding  caustic  potash 
to  the  powdered  stone  ammonia  was  evolved.  The  calculus 
thei-efore  consisted  mainly  of  phosphate  of  magnesium  and  am- 
monium, with  traces  of  phosphate  of  calcium  and  ammonia. 
There  vrm  no  uric  acid  and  no  oxalate  of  calcium. 

The  quantitative  analysis  yielded  some  curious  results.  1*0195 
grammeij  during  drying  in  the  water-bath  at  100  lost  04120 
grammes,  or  4041  per  cent.  From  the  residue  there  were 
obtained  by  oxalate  of  ammonium,  &c,,  003  grammes  calcium 
carbonate,  corresponding  to  0031  grammes  of  phosphate  of 
calcium  (Ca^PgOg),  or  3  04  per  cent  Further,  0*4482  grammes 
of  pyrophosphate  of  magnesium  (MjTgP^Oy),  corresponding  to 
0-9892  ammonio  phosphate  (MgNH^FO^.e^H^O),  or  9702  per 
cent,  of  the  original  calculus. 


MgNH,P0,6(H,0) 


3-04 
9702 


10006 

As  the  10195  grammes  of  calculus  lost  0'4120  in  weight 
during  drying,  while,  if  the  loss  had  been  that  of  five-sixths  of 
the  water  contained  in  the  triple  phosphate,  it  should  have 
amounted  to  03t>33  only,  there  was  an  excess  of  U'0487  lost. 
The  question  now  arose  whether  this  was  water  or  ammonia, 

1'2259  grammes  of  calculus  powder  were  heated  in  the  water- 
stove.  After  having  been  in  it  for  about  half  an  hour  the 
powder  was  taken  out,  and  a  glass  rod  moistened  with  hydro- 
chloric acid  was  brought  near  to  it     Thick  vapours  of  chloride  of 
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unimouitim  were  immediately  formed.  A  piece  of  blue  litmus 
paper,  reddened  by  vapours  of  hydrochloric  acid,  was  turned 
blue  again  while  being  held  over  the  powder.  The  powder 
therefore  lost  both  water  and  ammonia  during  drying  at  100^ 
and,  as  was  ascertained  by  five  weighings,  the  more  the  longer 
the  drying  was  continued. 

A  quantity  of  pure  phosphate  of  ammonium  and  magnesium 
was  now  jirepared,  and  when  air-dry  was  brought  into  the 
\'acuum  over  sulphuric  acid.  It  was  kept  there  for  six  w^eeks. 
and  during  that  time  weighed  eight  times,  at  nearly  eijual  inter- 
vals. Each  time  it  was  fouud  to  have  lost  tive  or  six  centi- 
gramme^s  in  weight.  It  is  therefore  clear  that  the  cr>"stallised 
triple-phosphate,  when  lirought  air-dry  or  nearly  so  into  a 
vacuum,  loses,  besides  adherent  moisture^  either  water  of  crystal- 
lisation, or  ammonia,  or  both. 

The  calculus  thus  contained  in  100  parts — 


Water,  and  httle  ammonia  given  off  at  100* 
Water  and  ammonia  given  off  by  red  heat. 
Pyrophosphate  of  magnesium, 
Phosphate  of  calcium, 


4041 

12-59 
43-96 

100  00 


Physiological  QimntUus  of  Earthy  Phosphate  in  ike  Urine, 

The  proportion  in  which  the  phosphate  of  calciimi  in  the 
urine  stands  to  the  phosphate  of  magnesium  has  been  deter- 
mined by  Kletzinsky  to  be  about  two  to  one ;  namely,  67  parts 
of  phosphate  of  calcium  and  33  parts  of  phosphate  of  mag- 
nesiiun  in  100  parts  of  mixed  earthy  phosphates  precipitatSi 
from  healthy  urine. 

The  average  amount  of  phosphates  of  the  alkaline  earths 
discharged  by  a  healthy  man  in  twenty-four  hours,  has  been 
determined  by  Beneke  to  be  12  grm.  Under  ordinary  diet, 
Lehmann  dischai-ged  109  grm. ;  Becker,  1*48  grm.  These 
observations  give,  as  the  average  of  mixed  phosphates  during 
twenty-four  hours,  128  grm. 

Hosier  and  Hegar  determined  the  quantity  of  earthy  phos- 
phates by  calculation  from  their  phosphoric  acid.  The  former 
made  two  series  of  observations  upon  himself,  the  fii'St  series 
comprising  six  days  in  April,  the  second  four  days  in  October. 
His  results  were  as  follows :— 
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Obsermiiam  of  Oie  Quantity  of  Phosphoric  Aekl  CmnUmd  uyiih 
Earths  in  the  t/rins. 


First  Seller 
Amount  of  PjOj, 

Second  Serfes 
Amount  of  P^O^, 

During  oue 
hour. 

Dnring  one 

I>uring  one 
hour. 

During  oae 
day. 

Mimiuum . 
Medium    , 
Maximum . 

Gnu. 

0-016 
0tM8 
0-076 

Orm. 
U'370 
M52 
1'800 

Grm. 
0-U07 
0'015 
0-027 

Grm. 
0-170 
0-390 
0-660 

In  other  healthy  individuals,  Mosler  found  the  average  per 
hour  of  PgOg  to  fluctuate  between  0'015  and  0"019  grm.  Hegar 
found  from  observations,  extending  over  eight  days,  that  he  dis- 
charged 1  31  grm.  of  phosphoric  acid  in  combination  with  earths. 
Six  months  afterwards  the  average  of  four  daya  was  only  0902 
grm.  of  P^O^.  Neubauer  determined  directly  the  amount  of 
lime  and  magnesia  discharged  by  two  healthy  persons.  His 
results  are  arranged  in  the  follow  mg  fable : — 

ObseTvations  of  the  Quantity  of  Lime  and  Magmma  Dis  charged 
during  Twtnty*Four  Hours. 


First  Individuiil. 
AvemgB  of  aeveutetin  days. 

Second  Individual 
Averagu  of  twL^nty-one  dayi, 

lime. 

MagHMia, 

Lime. 

Hagnesia. 

Minimum  , 
Medium     . 
Maximum  * 

Onn. 
0-057 
0-096 
0169 

Grm, 
0096 
0  173 
0-271 

Grm. 

,        0*118 

0-250 

0'366 

Orm. 

0'084 
0-219 
0-262 

From  all  the  observations  taken  together,  it  follows  that  the 
amount  of  earthy  phosphates  in  the  urine  varies  in  different 
individuals,  and  in  the  same  individuals  at  different  times.  A 
general  average  for  any  given  weight  of  individual  can  therefore 
not  be  drawn  at  present.  It  can  only  be  obtained  by  extended 
observations  on  the  urine,  taking  into  consideration  the  quantities 
of  earths  ingested  with  the  food,  and  those  discharged  by  w^ay  of 
the  bowels. 

The  influence  which  different  ciualities  of  food  have  upon  the 
quantity  of  earthy  phosphates  discharged  by  the  urine  is  well 
illustrated  in  the  experiment  of  Lehmann.  As  we  have  already 
stated,  when  eating  mixed  ftxKl,  his  average  amount  of  earthy 
phosphates  was  1'09  grm.  But  when  he  restricted  himseli'  to 
animal  diet,  the  amount  rose  to  3-56  grm-^  being  more  than 
three  times  his  ordinaiy  average. 
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Paiholcgieal  IndicaUonB. 

L  The  pmenee  af  predpiUUes  of  earthy  fhosphaies  in  the  urins 
u  mdieoHve  of  the  aUcaline  condition  of  thai  fluid, 

2.  If  the  prmpiiaU  of  earihf  phosphcUee  is  entirely  amorphous, 
toe  may  condmde  that  ths  aOoali  fohtcA  caused  it  was  not  ammonia, 

3,  If,  however^  the  preeipitaie  cojUains  crystals  of  triple  phos^ 
phate,  it  indieaies  the  pr€S$ii€$  of  ammonia,  arising  most  probably 
fr^m  decotnposition  of  urea. 

An  excess  or  deficiency  of  earthy  pbosphates  in  the  urine  caa 
only  be  ascertained  by  quantitative  chemical  analysis.  The 
mere  presence  in  the  urine  of  a  deposit  of  this  land,  or  its 
appeaianoe  in  the  urine  on  heating,  is  by  no  means  indicative  of 
an  excess,  as  is  yet  too  commonly  believed.  The  originators  of 
the  term  phosphatic  diathesis  and  phosphuria^  and  their  fol- 
lowers, linked  a  series  of  the  most  varied  disorders  iogeiixer 
under  this  term,  which  had  nothing  in  common  but  one 
symptom,  namely,  alkaline  urine.  The  following  facts  and 
considerations  may  perhaps  serve  to  explain  some  opinions, 
which,  by  the  weight  of  authority,  are  rather  w^idely  circu- 
lated, but  nevertheless  require  a  thorough  reformation. 

Animal  diet  has  a  tendency  to  increafie  the  acidity  of  the 
urine ;  vegetable  diet  easily  makes  it  alkaline.  The  dyspeptic^ 
therefore,  eating  little  or  no  meat,  will  easily  cause  his  urine  to 
be  alkaline  by  eating  a  little  fruit,  for  which  he  not  unfrequently 
has  a  longing.  But  even  if  no  fruit  has  been  partaken  of,  and 
but  little  meat,  the  secretion  may  be  alkaline ;  in  the  former 
case  from  the  pix?sence  of  carbonates,  in  the  latter  from  that  of 
alkaline  phosphates  from  the  lilood,  which  the  free  acid  has  not 
been  sufficient  to  trausfonn  into  acid  salts. 

What  want  of  appetite  for  animal  food  causes  in  the  dyspeptic 
patient,  want  of  animal  food  causes  in  poor,  old  people*  The 
alkaline  urine  of  the  octogenarian  dependent  upon  parochial 
relief,  is  the  consequence  of  his  not  being  able  to  afford  meat 
once  a  week.  Hence,  in  these  cases,  the  acidity  of  the  urine  is 
restored  by  a  proper  allowance  of  meat. 

The  anaemic  girl  and  the  diabetic  patient  are  instances  of  the 
same  character*  In  the  former  the  phosphates  may  be  alto- 
gether absent  for  a  day  or  two,  so  that  the  iirine^  being  alkaline, 
will  fonn  no  deposii.  Meat  diet  will  soon  restore  acidity  and 
pliofiphates.  In  diabetic  patients  phosphate  of  calcium  is  some- 
times altogether  alisent,  and  the  alkaline  urine  deposits  the 
triple  pboaphate  only,  Lehmann  observed  such  a  case.  The 
glittering  crystalline  deposit  of  triple  phosphate  contained  no 
trace  of  lime.  We  may  here  observe  that  the  microscopical 
analysis  is  not  sufficient  to  prove  the  absence  of  phosphate  of 
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lime.  For  Vogel  observes  that  deposits  of  the  latter  salt  are 
ofteo  so  transparent,  and  their  outliues  are  so  little  defined^  thfit 
when  mixed  with  the  triple  phosphate  they  are  ea.sily  overlooked, 
unless  tlie  observer  takes  particular  care  in  illuminating  his 
object.  It  is  for  this  reason  that  we  cannot  take  any  notice  of 
statements  regarding  the  occurrence  of  deposits  of  the  triple 
phosphate,  unmixed  with  phosphate  of  lime,  which  are  not  sua* 
tained  by  exact  chemical  tests. 

Urine  becomes  alkaline  when  retained  in  the  bladder  for  any 
unusual  length  of  time.  This  will  not  so  much  occur  when 
absolute  retention  takes  place,  as  when  from  any  cause  the 
bladder  is  never  emptied  entirely  of  its  contents.  This  causes 
irritation  of  the  mucous  membrane,  and  an  increased  discharge 
of  mucus,  which,  being  retained  also,  is  present  in  unusual  quan- 
tity. Whether  by  means  of  the  mucus,  or  on  its  own  account, 
we  do  not  pause  to  discuss — but  urea  is  decomposed,  making 
the  urine  ammoniacaL  A  small  part  of  this  ammoniaeal  urine 
is  always  retained,  and  induces  quickly  an  analogous  decom- 
position in  the  fresh  arrivals  from  the  ureters.  The  urine  is 
then  discharged  alkaline,  thick,  and  fcetid.  But  when  the  bladder 
is  thoroughly  emptied  and  washed  out  by  injection,  an  acid  urine 
will  immedif^tely  ct>llect  in  it. 

This  is  the  physiological  explanation  of  these  cases,  as  proved 
by  experience,  reason,  and  experiment.  Let  the  retention  be  due 
to  paralysis  of  the  bladder,  from  whatever  cause — affection  of 
any  part  of  the  spine,  from  hemiplegia  or  pamplegia,  or  from 
difficult  childbirth ;  let  it  be  due  to  the  presence  of  sacculi  of  the 
blaiider,  to  calculi  or  foreign  bodies,  to  enlarged  prostate,  to 
stricture  of  the  urethra ;  or  let  the  retention  be  caused  by  the 
perverse  will  of  insanity,  in  which  excretions  are  frequently  held 
back,  entirely  or  in  part ;  or  let  partial  retention  occur  in  the 
coma  of  fever — it  will  always  have  the  same  effect,  ilecom po- 
sition of  urea  and  ammoniaeal  nriBe. 

There  are  some  rare  and  extraordinary  cases,  in  which  phos- 
phate of  lime  is  said  to  continue  to  be  discharged  in  the  urine 
for  a  long  time  without  apparently  doing  much  mischief.  Such 
a  case  is  recorded  by  G.  Bird.  The  patient  was  an  old  man,  an 
habitual  dyspeptic,  and  had  laboured  under  pjTosis  from  boy- 
hood. He  had  during  many  years  been  in  the  habit  of  passing 
almost  milky  urine,  which  on  repose  deposited  such  an  extra- 
ordinary quantity  of  phosphate  of  lime,  that  he  brought  to 
G.  Bird,  at  one  time,  more  than  an  ounce  of  the  salt.  He  had 
during  the  last  fifty  years  been  under  the  treatment  of  half  the 
hospital  physicians  and  surgeons  in  London,  At  the  same  time 
this  man's  general  health  was  so  good  that  there  was  scarcely 
an  excuse  for  submitting  him  to  any  course  of  treatment,  beyond 
the  apprehension  of  the  possible  formation  a  of  alculus. 
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Front  examiDed  the  body  of  a  gentleman  who  durmg  the 
grater  part  of  Ms  life  had  suffered  from  renal  disease,  remark- 
able for  being  attended  by  the  secretion  of  large  quantities  of  the 
earthy  pboaphates.  Both  kidnejrs  were  not  only  extensively 
diMng!Bii]aed«  but  most  of  the  natural  cavities,  as  well  as  many 
oysta,  were  found  distended  with  numerous  eEuthy  concretions, 
of  various  sizes  and  composition.  The  concretions  found  in  those 
cavities  to  wkick  the  urini  had  acass,  consisted  of  the  phosphate 
and  cafbonate  of  calcium»  and  more  or  less  of  the  triple  phos* 
pbate  of  ammonium  and  magnesium,  while  those  cavities  or  cyata 
distinct  from  the  renal  structupe»  and  to  which,  therefore,  the  ^ 
urine  had  no  access,  consisti^d  of  the  calcareous  phosphate  and 
carbonate  only,  without  any  admixture  of  the  triple  phosphate. 

From  a  conaideration  of  many  cases  of  earthy  calculi  it  is 
apparent  that  the  mere  presence  in  the  bladder  of  deposits  of 
the  earthy  phosphates  never  gives  rise  to  calculi.  For  such  a 
concretion  to  form,  it  requires  the  presence  of  some  binding , 
material,  such  as  ropy  mucus,  or  a  clot  of  blood,  or  fibrine.  It  is  * 
for  this  reason  that  urine,  which  deposits  the  earths  in  the  blad- 
der under  the  influence  of  fixed  alkali,  has  never  been  known  to 
form  a  calculus.  It  is  only  with  the  aid  of  hematuria,  or  chronic 
disease  of  the  mucous  membrane,  tliat  calculi  are  formed.  In 
accordance  with  this,  calculi  are  rare  in  the  bladder  of  herbivora, 
which  discharge  alkaline  urine,  and  therefore  always  mixed  with 
a  large  proportion  of  a  deposit  of  earthy  phosphates. 

CarboTiak  of  calcium  is  met  with  in  some  urinary  concretions, 
but  very  rarely.  The  above  observation  of  Prout  Ulustrates  the 
circumstances  unJer  which  it  may  occur.^  It  is  a  regular  ingre- 
dient of  the  urine  of  herbivora.  I  have  examined  prostatic  con* 
cretions  consisting  nearly  entirely  of  this  substance.  But  it  is 
always  queationalile  whethcT  the  calcium  or  earl>onic  acid  were 
ill  any  case  derived  from  the  urine. 
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HISTORY  AND  LITKEATURK. 

The  discovery  of  iron  as  an  ingredient  of  organic  tissues  and 
fluids  is  more  than  a  cenutry  old.  It  was  made  by  Mengliini,  a 
physician  of  Bologna,  upon  hnman  blood,  and  described  in  a 
memoir  contained  in  the  Transactions  of  the  Bolognese  Academy. 
The  extension  of  chemical  inquiry  subsequently  showed  that  the 
food  of  man  and  animals  always  containa  a  supply  of  this  metal 
as  an  accidental  admixture  or  a  normal  ingredient  For  not 
only  was  iron  found  in  the  flesh  and  blood,  and  even  the  hones, 
of  all  animals,  hut  it  was  also  ascertained  to  he  an  essential 
element  in  the  economy  of  plants,  and  to  be  contained  particu- 
larly in  their  seeds.  It  was  in  consequence  searched  for  and 
found  in  the  excretions. 

Iron  occurs  in  urine  in  peculiar  forms  of  combination,  whioh 
do  not  reveal  the  presence  of  the  metal  by  the  direct  application 
to  the  urine  of  the  usual  reagents  for  iron.  The  iron  compounds 
must  therefor©,  by  some  means  or  other,  he  extracted  from  the 
organic  matters  with  which  they  are  mixed*  This  isolation  is 
effected  with  the  greatest  certainty,  by  the  destruction  of  all 
organic  matters,  in  the  manner  to  be  described  below\ 
^^  But  under  accidental  circumstances,  after  the  ingestion  of 
^f  soluble  iron  salts  into  the  intestinal  canal,  a  portion  of  the  salt 
^^  may  pass  into  the  urine,  and  there  become  accessible  to  the 
I  ordinary  tests  for  iron  applied  to  the  urine  directly.     Under 

I  these  conditions  the  amount  of  iron  present  is  slightly  increased, 

I  Compounds  in  which  the  iron  is  contained  in  the  same  manner 

I  as  in  the  fen^ocyauides  pass  through  the  circulation  entir(?ly 

I  unchanged,  or  only  slightly  changed,  namely,  reduced.      The 

I         recognition  of  these  compounds  which  do  not  naturally  occur  in 
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AmoumL 

From  500  to  1500  c.a  of  fresh  urine  are  e^nparated  with  tb^ 
greatest  precaatian  against  the  accidental  admixlure  of  extrane- 
onB  particles  of  iron.  When  reduced  to  one-tenth  the  fluid  ia 
filtered  and  again  evaporated  on  the  water-bath  to  the  oonsiat* 
ence  of  a  thin  syrup  This  arrup  is  now  introduced  drop  by 
drop  into  a  heated  platina  capsule  and  charred.  When  the 
capsule  is  nearly  full  of  charred  matter  a  few  drops  of  concen- 
trated nitric  acid  are  poured  upon  it  A  reaction  ensues, 
which,  as  soon  as  the  platinum  becomes  red  hot»  terminates 
with  the  complete  deflagration  of  all  carbonaceous  matters. 
When  all  the  syrup  has  thus  been  gradually  charred  and 
deflagrated  with  nitric  acid»  and  the  operation  has  been  com- 
pleted by  the  addition  and  drivingoff  of  a  slight  excess  of  the 
mtiic  acid,  a  white,  fused,  saline  mass  ultimately  remains.  It 
is  slowly  soluble  in  water,  quicker  in  hydrochloric  acid,  under 
eflerveecence.  It  contains  carbonates,  phosphates,  sulphates, 
and  chlorides  of  potassium,  sodium,  calcium,  magnesium,  and 
iron.  The  solution  in  water  contains  only  vestiges  of  iron; 
most  of  this  metal  remains  insoluble  in  a  grey  residue  contaim'ng 
a  little  platinum,  phosphates  of  earths  and  of  iron.  This 
residue  is  treated  for  some  time  with  hydrochloric  acid,  and  the 
solution  is  added  to  the  saline  solution.  After  filtration  the 
mLxture  is  treated  with  ammonia  and  sulphide  of  ammonium. 
A  grey  precipitate,  which  is  scarcely  ever  black,  is  a  mixture  of 
Bulphide  of  iron  and  phosphates  of  earths.  The  precipitate  is 
isolated  by  filtration,  washed,  dissolved  in  a  Uttle  hydrochloric 
acid  on  the  filter;  the  filtered  solution  is  neutralised  with 
carbonate  of  sodium  until  a  precipitate  begins  to  become  perma- 
nent ;  acetic  acid  and  acetate  of  sodium  are  now  added  in  small 
quantity,  and  the  mixture  is  boiled.  The  precipitate  which 
forms  contains  all  the  iron  and  some  phosphoric  acid,  but  no 
earths.  It  is  filtered  and  w^ashed,  redissolved  in  hydrochloric 
acid,  and  this  solution  now  yields  the  characteristic  tests  for 
oxyde  of  iron.  The  quantity  of  iron  contained  in  it  may  be 
ascertained  by  the  volumetrical  method  to  be  described  below, 
or  by  weighing  the  phosphate  of  iron  precipitated  from  the 
solution  by  phosphate  of  sodium,  after  the  addition  of  acetate  of 
sodium. 

Chemical  Proper tus. 

Iron  as  extracted  from  animal  parts,  in  particular  the  urine,  is 
obtained  in  the  form  of  oxyde,  Fe^Og,  At.  W.  =  160.  While 
the  ashes  of  blood  or  its  colouring  matter  have  a  red  colour, 
being  that  of  the  oxyde  of  iron,  the  ashes  of  urine  are  never  red, 
as  the  amount  of  iron  present  is  too  Bmall. 
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The  red  oxyde  of  iron  is  unchangeable  by  heat.  It  dissolves 
completely  in  hydrochloric  acid.  Its  solutions  have  a  yellowish- 
brown  or  brownish-red  colour,  and  when  they  are  neutml  as 
nearly  as  possible  and  dilute  are  decomposed  by  boiling, 
depositing  the  whole  of  the  oxyde  of  iron.  In  case  the  solution 
contains  any  phosphoric  acid,  it  passes  into  the  precipitate, 
From  its  solutions  the  oxyde  is  precipitated  in  the  form  of  hydiute 
hy  caustic  and  carbonated  alkalies.  The  presence  of  organic 
matters,  such  as  are  contained  in  urine,  prevents  this  precipita- 
tion. Phosphate  of  sodium  precipitates  white  phasphate  of  ii'on 
oxyde,  which  is  insoluble  in  acetic  acid.  This  acid  therefore 
affords  the  nieaus  of  separating  the  phosphates  of  earths  from 
the  iron  phosphate.  Ferrocyanide  of  potassium  produces  a 
precipitate  of  prussiau  blue,  which  is  decomposed  by  caustic 
potash,  yielding  hydrated  iron  oxyde  and  ferrocyanide  of 
potassium  in  solution.  Tincture  of  galls  produces  a  bluish-black 
precipitate  in  salts  of  iron  oxyde.  In  healthy  urine,  however,: 
tincture  of  galls  produces  no  reaction.  Sulphocyanide  of  potas- 
sium produces  a  blood-red  coloration  without  precipitate  in 
iron  solutions,  which  is  not  destroyed  by  hydrochloric  acid. 

Volmmtric  Mdkod  of  Determining  the  Qimittity  of  Iron  in 

UriTie, 

Wlien  a  solution  of  suboxyde  of  iron  in  an  excess  of  hydro- 
chloric  acid  is  mixed  with  a  solution  of  permanganate  of  potas- 
sium, the  suboxyde  is  transformed  into  oxyde,  and  the  perman- 
ganate reduced  to  raanganate.  One  molecule  of  permanganate  of 
the  composition  Mn^O^-hK^O  yields  5  atoms  of  oxygen,  and 
thereby  transforms  10  molecules  of  suboxyde  of  iron  into  oxyde. 
A  solution  of  permanganate  of  potassium  of  known  strength, 
therefore,  may  ser\^e  to  determine  the  quantity  of  iron  contained 
in  any  solution  in  the  form  of  suboxyde,  if  added  in  a  quantity  just 
suffieieiit  to  effect  the  oxydation,  Tliis  quantity  may  be  accu- 
rately determined  by  the  loss  of  colour  which  the  permanganate 
undergoes  as  long  as  it  is  continued  to  be  reduced ;  but  a  single 
drop  of  this  fluid  which  is  added,  over  the  quantit}^  necessary  for 
effecting  the  transformation  int*:!  oxyde  of  the  whole  of  the  subt 
oxyde  present,  imparts  to  the  mixture  a  light  red  colour,  which 
indicates  the  completion  of  the  analysis. 

Preparation  of  the  Stmuiard  Sohdi07i  of  Fermanganate  ofFoias- 
siuni. — We  dissolve  crj^stallised  permanganate  of  potassium  in  a 
quantity  of  water,  and  determine  the  strength  of  a  given  volume 
of  this  solution  by  the  following  standard  solutmn  of  ferroeycniide 
of  potassium  i — 7'543  grra.  of  pure,  crystallised,  diy  ferrocyanide 
of  potassium,  containing  TO  giiu.  of  iron,  are  dissolved  in  so  nmch 
water  that  the  solution  exactly  amounts  to  one  litm.  10  c.c.of  this 
solution  contain  exactly  10  milligrm.  of  iron,     10  molecules  of 
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ferrocyanide  of  potaasium  require  1  molecule  of  permanganic  acid 
to  be  transfonned  into  5  molecules  of  ferrocyanide  of  potassium. 
Of  this  solution  we  now  take  100  cc,  containing  10  milligrm. 
of  iron,  dilute  it  with  about  50  c.c.  of  water,  accidulat^  with  hydro- 
chloric acid,  and  after  having  placed  the  beaker  upon  a  piece  of 
white  paper,  we  add  the  solution  of  permanganate  of  potassium 
to  the  solution  of  iron,  which  latter  is  kept  in  a  rotating  motion. 
The  appearance  of  a  yellownsh-red  colour  indicates  the  completion 
of  the  test  Supposing  the  10  milligrm.  of  iron  contained  in  the 
10  c,c,  of  solution  of  the  ferrocyanide  required  20  c.c,  of  the  solu- 
tion of  permanganate  of  potash  for  complete  oxydation,  1  c.c,  of 

the  latter  fluid  would  correspond  to  —  _-  — 0*5  milligrm.  of  iron. 

*\) 

The  strength  of  the  solution  of  the  permanganate  of  potassium 
may  also  be  determined  by  the  solution  of  chloride  of  iron  of 
known  strength  described  under  phosphoric  acid,  or  by  the  solu- 
tion of  oxalic  acid  of  known  strength,  described  under  the 
analysis  for  phosphate  of  calcium.  By  calculation  it  may  easily 
be  adapted  to  the  atomic  weight  of  iron. 

AppliceUion  to  the  Uriiw. — ^The  iron  isolated  from  a  quantity  of 
not  less  than  24  hours*  urine  by  the  process  above  related  is 
dissolved  in  hydrochloric  acid  and  reduced  to  the  state  of  sub- 
oxyde  by  dissolving  in  it  some  pure  zinc.  It  is  now  freed  from 
the  excess  of  zinc  and  other  matters  by  filtration,  and  diluted 
to  the  bulk  of  about  20  c.c.  The  solution  of  permanganate 
of  potassium  of  known  strength,  a^  determined  before,  is  now 
added  to  the  solution  of  u-ou,  and  mixed  with  it  by  agitation 
until  the  red  test  appears. 

The  disappearance  of  the  red  colour  test  after  standing  a  little 
while,  is  due  to  further  changes  not  in  connection  with  the 
analysis,  and  need  not,  therefore,  be  regarded  by  the  experi- 
menter 

IfidicdtioTis  of  Iron  in  ilie  Urine. 

The  amount  of  iron  obtained  from  the  urine  discharged  by  a 
healthy  man  in  24  hours  is  ver}^  small.  Wlien  dissolved  in  the 
form  of  cliloride  in  an  ounce  of  water  it  does  not  imf>art  any 
colour  to  the  liuid.  Divided  int-o  four  parts  this  solution  will 
juat  be  sufficient  for  the  production  of  four  qualitative  tests  with 
the  reagents  necessary  to  prove  the  presence  of  iron. 

As  long  as  it  was  believed  that  the  colouring  matter  of  the 
urine  contained  iron  as  an  essential  elementary  ingredient,  the 
iron  to  be  obtained  from  urine  was  looked  upon  with  particular 
interest  by  physiologists  as  likely  to  afford  the  means  for  the 
determination  of  the  amount  of  urinary  colouring  matter  excreted 
by  the  kidneys,  and  of  the  quantity  of  the  red  colouring  matter  of 
blood  destroyed  in  the  circulation.     But  as  the  colouring  matter 
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of  urine  does  probably  not  contain  any  iron,  the  doctrine  just 
mentioned  cannot  any  longer  be  maintained.  Although  iron  in 
the  urine  has  thus  to  be  considered  independently  of  the  uro- 
chrome,  it  might  nevertheless  be  derived  from  disintegrated 
hematine. 

Of  the  common  medicinal  preparations  of  iron  none  pass  into 
the  urine  after  having  been  taken  into  the  stomacL  They  are 
mostly  transformed  into  insoluble  compounds,  and  leave  the  body 
in  the  faeces.  When  they  are  taken  for  the  cure  of  chlorosis, 
only  such  a  proportion  of  them  is  absorbed  as  can  be  assimilated 
and  held  in  combination  by  the  blood. 


CHAPTER   XXXII. 
ANATOMICAL  ELEMENTS  OF  BLOOD. 
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INTRODUCTION. 

The  presence  of  aoy  of  tlie  aDatomieal  elemente  of  blood  in 
urine  indicates  serious  lesion  in  some  part  of  the  urinary  organs. 
When  blood  is  mixed  with  the  urine,  it  indicates  a  breach  of 
surface :  in  the  kidueys,  produced  by  stasis  in  the  capillaries;  in 
their  pelves  and  the  ureters,  by  mechanical  violence  of  a  concre- 
tion :  in  the  bladder,  by  rupture  of  enlai'ged  veins,  ulceration^ 
irritation  of  a  calculus,  or  malignant  disease.  The  presence  of 
blood  corpuscles  amounts  to  a  demonstration  of  the  presence  of 
the  three  elements  of  blood,  for  obvious  reasons.  It  is  best 
ascertained  by  the  microscope.  The  presence  of  fibrine  in  any 
form  also  admits  of  anatomical  demonstration.  But  albumen 
i^eqnires  chemical  tests,  which,  though  of  a  simple  nature,  yet 
must  be  used  with  certain  precautions,  in  order  not  to  mislead 
our  conclusions.  The  presence  of  tibrine  or  of  albumen  may  be 
due  to  exudation  without  breach  of  surface. 

Blood f  Blood  Corpuscles,  and.  Coaffttla, 

Wlien  very  small  quantities  of  blood  are  present,  it  is  dififnsed 

through  the  whole  mass  of  nrJne  without  much  altering  its 
colour.  In  that  case  it  is  necessary  to  let  the  urine  repose  in 
a  white  porcelain  vessel,  or  in  a  glass  vessel  placed  on  a  white 
sheet  of  paper,  when  the  blood  corpuscles  will  collect  at  the 
bottom  in  form  of  a  rusty  brownish  sediment,  not  easily  to  be 
mistaken  for  anything  else,  so  that  it  may  serve  for  the  diag- 
nosis, by  the  naked  eye,  of  even  very  minute  quantities  of 
blofjd. 

If  a  little  more  blood  is  present  in  the  urine,  it  gives  it  a 
dirty,  dingy,  or  smoky  hue  when  diffused,  forming  a  larger 
rust  brown  deposit  on  repose.  If  the  urine  is  of  a  low  specific 
gravity  at  the  same  time,  the  corpuscles  yield  part  of  tlieir 
red  colouring  matter,  and  the  urine  assumes  tlie  pink  colour  of 
flesh  washings,  or  the  cold  extract  of  flesh.  This  pink  colour 
passes  through  all  gradations,  until  the  colon r  of  the  urine  is 
almost  like  blood  itselt    When  blood  is  effused  in  any  consider- 
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able  quantity  at  a  time  from  larger  blood  vessels,  fiuch  as  veins 
of  the  bladder,  or  small  arteries  opeDed  by  a  concretion,  it  then 
coagulates  in  irregular,  mostly  lumpy  masses,  of  a  black  or 
reddish-black  colom*.  Though  these  coagula  cannot  easily  be 
mistaken  for  anything  else  by  the  naked  eye,  they  may  yet  pre- 
sent certain  variations,  according  to  whether  they  have  been 
formed  in  the  urinary  passages,  or  after  the  excretion  of  the 
urine.  When  formed  in  the  urinar}^  passages,  as  is  mostly  the 
case  when  they  are  formed  at  all,  they  may  be  retained  in  the 
bladder  or  in  the  narrow  canals  leading  to  and  from  that  organ, 
thus  causing  irritation  of  the  bladder,  dysuria,  stranguria,  or 
retention  of  urine.  When  retained  in  the  bladder,  they  may  give 
rise  to  concretions.  When  retained  in  the  bladder  for  a  short 
period  only,  and  there  exposed  to  the  infhience  of  a  dilute  urine, 
secreted  in  consequence  partly  of  the  stimulus  transferred  to  the 
kidneys  from  the  irritated  bladder,  coagula  of  blood  may  give  up 
all  their  colour  and  be  discharged  as  colourless  lumps  of  fibrine. 
Such  coagula,  modified  by  a  sojourn  in  the  bladder,  I  have 
known  to  be  declared  fibrinous  casts  of  the  urethra.  The  diag- 
nosis of  the  presence  of  blood  in  all  these  cases,  when  at  all 
doubtful,  is  ensured  by  the 

Mkroscopical  Appearames  and  Rmciions  of  Blood  Corpuscles, 

Under  a  power  of  400  diameters,  these  bodies  appear  as 
circular  disks,  with  the  edges  rounded  off.  The  centre  of  the 
disk  may  be  light,  and  the  circumference  dark ;  or  on  chang- 
ing the  focus  the  reverse  may  be  the  case.  Their  colour  is  a 
light  brow^n  or  reddish-brown  hue.  On  setting  the  fluid  in 
which  they  are  contained  in  motion,  their  true  shape  becomes  at 
once  apparent :  for  we  see  the  disk  excavated  on  either  side. 
On  adding  water  to  the  corpuscles  we  perceive  them  to  expand; 
the  concavities  begin  to  rise  and  disappear,  and  the  biconcave 
disks  gradually  are  transformed  into  globules  somewhat  analo- 
gous in  shape  to  the  globe  of  the  earth — compressed  between 
the  tw^o  poles.  The  equator  of  the  blood  disks  becomes  a  little 
smaller  by  this  expansion  in  the  direction  of  the  formerly 
shortest  axis.  The  central  marking,  shadow  or  light,  according  to 
the  focus,  now  disappears,  and  the  corpuscles  assume  the  illumi- 
nation of  globular  bodies.  Under  a  continued  influence  of  the 
water  they  gradually  yield  then*  colour  to  the  surrounding  fluid, 
becoming  themselves  pale,  and  ever  more  imperceptible,  until  at 
last  they  seem  entirely  to  disappear.  But  they  do  not  disappear 
in  fact,  for  if  a  concentrated  solution  of  any  neutral  salt  be  now 
added  to  the  fluid  in  which  the  corpuscles  are  invisible,  they 
gradually  again  become  visible,  Init  now  are  witliout  any  colour, 
and  mostly  of  a  coirugated  outlitie,  their  regular  shape  being 
scarcely  ever  restored. 
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When  the  normal  corpuscles  are  treated  with  concentrated 
solution  of  any  neutral  salt,  or  with  syrup,  or  with  a  solution  of 
any  neutral  organic  substance,  they  immediately  become  flatter, 
and  the  excavations  deeper,  which  is  indicated  by  the  central 
shadow  approaching  nearer  to  the  circumference.  At  last  they 
begin  to  crumple  and  turn  up  their  edges,  which  become  in- 
dented and  irregular.  The  corpuscles  now  assume  the  most 
irregular  shapes  and  outlines ;  and  though  they  have  lost  part  of 
their  colouring  matter,  yet  they  are  by  fer  more  distinct  than 
at  first  If  to  the  solution  water  is  now  added  in  sufhcient 
quantity,  they  assume  their  former  shape,  and  under  the  con- 
tinued influence  of  the  water  undeiigo  the  changes  before 
described. 

In  the  caustic  alkaUes^  ammonia  included,  the  corpuscles  are 
entirely  soluble;  and  from  this  solution  they  cannot  by  any 
means  be  again  obtained.  In  acetic  acid  the  corpuscles  become 
clearer,  expand,  and  after  a  time  are  almost  invisible,  but  do  not 
dissolve.  In  nitric  acid  the  outline  of  the  corpuscles  become 
darker  and  thicker,  whilst  the  globules  become  smaUer  in  cir- 
cumference. Similar  effects  are  produced  by  hydrochloric  aciil 
and  the  gastric  juice.  Acid  urine  only  requires  a  longer  time, 
otherwise  its  efiects  are  similar  to  those  of  the  reagents  last 
named,  combined  with  those  of  solutions  of  salt.  The  irregu- 
larities of  the  margin  are  frequently  of  such  a  nature  as  to 
represent  granules  arranged  round  a  central  nucleus.  When, 
however,  blood  is  present  in  the  urine  in  any  quantity  sufficient 
to  nearly  or  altogether  neutraUse  any  acidity  of  the  urine,  these 
changes  do  not  take  place  to  that  extent,  the  corpuscles  remain- 
ing either  unchanged,  or,  when  the  urine  is  very  watery,  only 
giving  up  part  of  their  colouring  matter,  or  adhering  to  each 
other  in  rouleaux-like  'rolls  of  coins,  in  the  same  way  as  the 
corpuscles  in  blood  which  is  not  mixed  with  any  urine. 

Speciroscopical  Diagjums  of  Blood  m  Vrine, 

In  most  CBAes  the  microscope  aCTords  conclusive  evidence  of 
the  ptBsence  of  blood.  In  very  rare  cases,  however,  the  blood  is 
to  be  looked  for  in  ammoniacal  urine ;  and  then  the  corpuscles 
are  not  easily  to  be  found,  as  they  are  too  soluble  in  that  fluid, 
which  then  merely  has  a  red  colour,  and  coagulates  under  certain 
circmnstances.  In  this  case,  as  in  all  others,  the  presence  of 
blood  may  be  ascertained  by  means  of  tlie  spectroscope.  The 
fluid  to  be  examined  is  placed  in  a  test-tube  before  the  slit  of 
the  spectroscope  (or  on  the  tray  of  the  microspectroscope),  and  if 
the  two  characteristic  bands  of  absorption  appear  in  the  spectrum, 
hematocrystalline  in  some  form  or  other  is  undoubtedly  present 
The  particulars  of  this  reaction  will  be  described  in  the  following 
chapter. 
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Pathological  Indications, 

Most  frequently  the  presence  of  blood  in  tmne  is  a  si/mptow  of 
the  first  or  acute  stage  of  those  diseases  of  the  kidney  which  are 
caused  by  the  efUranc^  iriio  th4^  blood  of  a  specific  poison*  The 
blood  then  proceeds  from  the  congested  and  ruptured  Malpighian 
corpuscles,  aa  evidenced  by  the  following  data. 

The  tubtdi  contorii  of  the  kidneys  are  frequently  found  full  of 
blood  in  cases  where  the  urine  contained  blood  during  life. 

The  capsules  are  also  filled  with  blood,  and  the  Malpighian 
bodies  colkpsed. 

When  the  blood  thus  effused  into  the  tubuli  is  quickly  dis- 
charged, either  by  a  continuance  of  the  hcemorrhage  or  becaujse 
it  is  mixed  with  urine  or  much  serum,  it  will  appear  in  the 
urine  after  emission  as  diffused  blood,  and  cause  the  appearances 
described.  But  when  the  blood  is  effused  in  masses,  so  as  to  fill 
the  entire  lumen  of  the  tul>ule,  and  is  not  actively  pushed  on,  it 
may  coagulate  in  the  tulmle,  and  loake  it  impervious,  or  at  a 
later  period  may  be  discharged  with  the  urine  in  the  form  of 
blood  cylinders,  which,  by  an  admixture  of  epitlielium  of  the 
tubuli,  and  by  their  form— being  that  of  casts  of  the  tubuli — 
show  their  origin  in  a  most  unequivocal  manner.  Together  with 
these  cylinders,  there  are  mostly  other  casts  present  in  the  urine, 
characteristic  of  the  afl'ection  of  the  kidney  which  produced  the 
luemorrhage.  In  some  cases  the  poison  producing  hemorrhage 
from  the  kidneys  is  a  very  tangible  one,  such  as  a  dose  of  half  an 
ounce  of  turpentine.  In  other  cases  it  is  a  poison  of  a  more 
obscure  nature,  like  that  of  scarlatina  ;  typhus  sometimes  has  a 
similar  effect,  and  in  such  cases  where  much  blood  has  been 
passed  during  life,  all  the  tubuli  of  the  kidneys  are  fouiid  injected 
with  blood  after  death. 

In  some  cases  of  scurvy  and  purpura  a  similar  haemorrhage 
occurs  from  the  kidneys.  When  the  blood  casts  remain  in  the 
tubuli  for  any  length  of  time,  they  become  much  altered,  but 
may  always  be  distinguished  from  epithelium  by  their  peculiar 
yellowish-brown  tint,  which  the  epithelial  casts  liave  noL 

Hie  presence  of  blood  m  the  urirw  may  indicate  idcerated  cancer 
of  the  kidney.  In  this  case  the  quantity  of  blood  may  l>e  large 
or  small,  and  may  coagulate  in  the  ureters  or  in  the  bladder.  In 
advanced  stages  of  the  disease,  pus  and  encephaloid  matter  is 
mostly  present  in  the  urine,  thus  characterising  the  hemorrhage. 
Thepresenc>e  of  Mood  in  the  urine  may  he  due  to  the  mechanical 
effects  ofren^l  concretions,  or  to  ulcerations  set  up  in  the  pelves  and 
calyces  of  the  kidneys  by  these  bodies.  The  most  general  symptom 
of  gravd  in  the  kidneys  is  hfematuria,  increased  by  every  kind  of 
exertion.  The  nature  of  the  ha?morrhage  Is  sometimes  ascer- 
tained by  the  presence  of  deposits  in  the  urine  on  its  being 
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pafified — liy  the  poaaage  of  gravel  If  the  symptoma  of  lenal 
roucretion  and  hajiiiutiiria  are  coiiiliined  witli  the  appeamnce  of 
jnia  in  the  urine,  it  is  pmbuble  that  ulceration  exists  in  the  pelvia 
of  the  kidney.  In  tliese  cases  the  diagnosia  is  ensured  by  the 
local  Myrnptonm. 

The  mrmnee  qf  blood  in  urine  U  indteativi  of  certain  dtBeases  of 
t/w  hiaddtr  In  these  cases  the  local  sjrmptoms  appear  to  be  so 
uell  marked  that  there  is  not  much  difficulty  in  fixing  upon  the 
source  of  the  haiiiorrhoge.  Thus  hajniorrhoida  of  the  bladder 
are  of  a  very  chronic  nature,  and  appear  in  periodical  6t^,  like 
li!innorrh*>itls  p*'r  an  urn,      I  observed  such  a  case  for   several 

!amr«.  Tlit^  anbject  of  the  observation  was  a  lady.  The  irrita- 
jility  of  thij  bladder  was  extreme ;  it  was  caused  first  by  the 
vi^nous  t^nu^^istion.  This  having  lasted  a  day  or  two,  blood 
eseaptul  by  the  urine ;  clots  of  dilFereut  forms  and  sizes  remained 
in  the  bladder,  or  blocked  up  the  urethra,  requiring  the  use  of  the 
cutheter;  sometimes  they  required  manual  aid,  when  they  had 
hunlly  pHssed  thf!  urethra.  Thua,  even  after  the  hi^morrhage  had 
fcased  for  a  time,  the  clots  would  continue  to  be  passed,  and 
they  were  the  paler  the  longer  after  the  cessation  of  the 
liamorrhaije  they  escaped  from  tbe  bladder  This  condition 
would  last  tor  weeks,  with  frequent  intervals,  during  which  no 
hmmonlmge  ensued,  CJalHc  acid  in  large  doses  always  removed 
the  complaint  oft^r  a  time.  The  patient  would  be  well  for 
months,  until  a  new  attack  made  its  appearance.  The  last  attack 
occurred  during  a  severe  illness  from  scarlet  fever,  of  which  the 
aged  patient  died, 

Siane  in  the  bladder  mot  rarely  cmises  ketmorrhage  frofti  that 
vrfjan  ;  so  dots  chronic  cystitis,  areompanied  by  erosian  or  sajyer- 
Jkial  ulceration,  I  observed  the  case  of  a  farmer  who  consulted 
loe  for  severe  disease  of  the  bladder,  lie  discharged  an  alkaline, 
ftetid  urine,  with  rags  of  pseudo-membranes,  appearing  under  the 
microscope  to  be  made  up  of  fibrine  with  pus-cells  closely  em- 
bedded ;  on  some  occasions  he,  after  severe  straining  and  reten- 
tion of  urine,  passed  a  membranous  bag,  which,  when  suspended 
in  water,  showed  itself  to  be  a  hollow  membranous  sac,  a  perfect 
cast  of  a  very  smoll  bladder.  With  these  membranes  of  intlam- 
matory  origin  he  passed  clots  of  blood,  and  fluid  blood  mixed 
witli  the  urine,  but  altered  considerably. 

A'iwther  fm^tii  of  hfl'morrhage^  from  the  bladder  is  dne  to  soften- 
inff  cancerous  ffr&wths  of  that  organ.  This  disease  is  by  far  more 
frequent  than  vesical  ha^monhoid^,  and  its  presence  is  supposed 
to  be  indicated  by  every  haemorrhage  from  the  bladder,  in  the 
opinion  of  some  authors,  who  doubt  the  occurrence  of  haemorrhoids 
c»f  the  bladder. 

The  differential  diagnosis  of  these  cases  is  established  by  the 
collateral  and  local  symptoms  of  each  case,  which  mostly  are  so 
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inaii'od  tliat  there  is  notmueli  difficulty  experieuced  in  establish- 
ing distinctions.  Hapi)il^%  where  it  is  difficult  to  distinguish,  it 
19  of  not  much  practicftl  importance  to  do  so,  as  the  treatment  is 
directed  against  the  hfcmorrha^e.  Whether,  in  a  given  case,  this 
proceeds  from  cancerous  growths  or  from  hEemorrhoids,  is  indif- 
ferent, as  gallic  acid^  or  any  other  astringent,  will  suit  both  cases 
equally  well.  The  different  course  of  the  diseases  would  soon 
eatabhah  a  diagnosis.  But  diagnosis  is  of  far  greater  iraportance 
for  the  prognoaia  of  a  case  of  tbia  kind ;  and  as  the  latter  ia 
chiefly  the  service  w^hich  it  is  possible  to  render  to  the  patient, 
for  the  purpose  of  guiding  his  hygiene,  an  accurate  diagnosis  is 
essentia. 

This  can  be  effected  by  the  microscope,  which,  in  cases  of 
cancer,  mostly  exhibits  the  detritus  of  the  growth  in  the  form  of 
cells,  nucleated,  round,  and  caudate,  many  of  them  with  a  brood 
of  youQg  cells  enclosed,  When  the  cancer  is  seated  in  the 
bladder  it  mostly  assumes  the  form  termed  "  i^illou^.''  Such 
villi  are  then  constantly  cast  off,  and  obtained  from  the  urine  in 
the  shape  of  little  lumps  and  loose  masses.  Magnified,  they 
exhibit  an  arborescent  structui^.  Their  substance  is  com- 
posed of  a  fibrous  material,  with  many  nuclei ;  but  the 
fibres  are  mostly  so  fused  with  each  other  as  to  be  scarcely  dis- 
tinguiahabla  Their  surface  ia  covered  with  a  layer  of  morbid 
epithelium.  This  epithelium  is  pi*obably  cast  off  and  renewed  very 
frequently,  and  may,  therefore,  according  to  the  nipidity  w^ith 
which  Ibis  process  is  effected,  present  various  stages  of  develop- 
ment The  cells  maybe  large,  of  irregular  shape,  spindle-shaped, 
or  exhibit  several  projections  ;  they  may  contain  a  large  nucleus, 
or  the  cells  may  be  round  and  small,  exliibiting  a  nucleus  and 
nucleoli.  When  the  process  of  desquamation  is  active,  the  cells 
are  not  founds  but  are  supplanted  by  nuclei,  which  cover  the 
villi  as  a  dense  reddish-coloured  layer,  and  appear  as  such  in  the 
deposits  of  the  uriBe.  In  some  cases  all  these  various  foima  of 
ruorbid  formations  may  be  discovered  at  the  same  time,  in  others 
they  ap[>ear  at  intervals. 

The  prognosis  of  all  these  cases,  in  the  first  instance,  depends 
upon  the  nature  of  the  disease,  of  which  the  effusion  of  blood  is 
a  symptom.  As  far,  however,  as  the  prognosis  is  dependent  upon 
the  htemorrhage  itself,  we  may  say  that  it  becomes  bad  in  a 
direct  ratio  to  the  amount  of  blood  discharged,  to  the  time  during 
which  hematuria  continues,  and  to  the  severity  of  the  symptoms 
of  irritation  caused  by  the  formation,  retention,  or  passage  of 
clots  in  and  through  the  urinary  passagea  Of  all  the  conse- 
quences of  clots,  the  formation  of  a  calculus  round  the  clot  as  a 
nucleus  is  the  most  severe,  and  also  the  most  rara 
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INTRODUCTION, 

Hematocrtstallini:  is  the  subetaiice  to  which  the  blood  and 
muscles  of  iinimals  owe  their  red  colour  and  main  chemical 
power.  In  all  vertebrate  animals  it  is  contained  in  the  blood 
corposcles,  but  in  some  lower  animals,  e,g,^  the  common  earth- 
worm, it  is  dissolved  in  the  serum. 

Mode  of  Obtaining. — Blood  freed  from  fibrine  by  beating  is 
imixed  with  a  solution  of  salt,  and  the  blood  corpuscles  are 
allowed  to  settle.  They  are  repeatedly  soaked  with  salt  water, 
and  collected  on  the  filter.  They  are  next  shaken  with  ether 
and  water,  whereupon  the  hematocrystalline  dissolves  in  the 
water,  and,  after  rapid  filtration,  on  exposure  to  a  low  tempera- 
ture, or  after  the  addition  of  some  alcohol,  crystall ises.  By  this  pro- 
cess crystals  can  be  obtained  from  human  blood  and  the  blood  of 
cattle  only  with  difficulty  during  strong  winter  frost.  In  \i*armer 
weather  the  corpuscles  settle  very  itnpeifeetly,  and  cannot  l:>e  suffi- 
ciently freed  from  serum.  In  this  case  the  red  water  solution  is 
treated  with  a  solution  of  basic  lead  acetate  as  long  as  a  precipitate 
ensues.  This  is  removed  l>y  filtration,  the  excess  of  lead  by  a  little 
potassium  carbonate.  To  the  filtrate  powdered  potassium  car- 
bonate is  given  until  the  hematocrystalline  separates  in  gruraous 
flakes.  These  are  separated  by  filtration,  and  strongly  pressed. 
The  cake  is  again  broken,  and  mixed  with  a  little  watery 
aloohnl,  which  causes  the  separation  of  potassium  carbonate 
in  solution.  Again  stmined  and  pressed  the  cake  may  be  dis- 
solved in  water  and  precipitated  by  alcohol,  or  by  alcohol  and 
cold. 

Chemical  Ctmpoaiium,  Forftitda,  and  Molecular  Weight, 

The  crystallised  hematocrystalline  of  animals  has  yielded  the 
followiug  results  to  analysis  : — 
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-  From  tbese  data  the  formula  Ce^Hg^j^Nj^FeSgO^^^  has  beea 
calculated,  leading  to  a  molecular  weight  of  13,280.  But  we  can- 
not  yet  absolutely  determine  this,  as  the  blood  cr}^stals  retain 
more  or  less  oxygen  in  loose  combination,  like  the  blood  itself, 
and  yield  it  up  in  the  vacuum,  pro^-ided  they  are  moist,  but  I'e- 
tain  it  the  more  tenaciously  the  drier  they  are.  Calculating 
from  the  tLuantity  of  iron  contained  in  them  aa  unit,  we  arrive 
at  13,023  as  the  molecular  weight. 

Chemical  Pr&iMrties, 

Its  watery  solution  begins  to  coagulate  at  90*,  and  at  94**  deposits 
all  hematocrystalline  as  a  reddish* brown  curd,  A  solution  of 
albumen  begins  to  coagulate  at  60,  and  is  completely  precipitated 
at  65^,  HematocrysiaOine  combines  with  oxygen  and,  more  per- 
tinaciously than  with  oxygen,  with  a  number  of  other  gases,  such 
as  carbonic  oxyde,  nitrous  oxyde,  and  hydrocyanic  acid.  It  is 
peculiarly  decomposed  by  sulphuretted  and  pbosphnretted  hydro- 
gen, the  latter  agent  producing  a  complete  disappearance  of  aU 
particular  spectral  phenomena.  Under  the  influence  of  acids,  or 
alkalies  and  alcohol,  it  is  broken  up  into  an  insoluble  albuminous 
body  and  soluble  hematine.  Sulphuric  acid  dissolves  the  albu- 
minous body,  and  }ielda  a  number  of  products  of  the  further 
transformation  of  hematine,  which  I  have  described  under  the 
generic  name  of  cnientine.  All  these  products  show  peculiar  and 
remarkable  spectral  phenomena  While  contained  in  the  blood, 
hematocrystalline  is  chemically  remarkably  stable ;  it  is  the  laat 
ingredient  which  undergoes  putrefaction;  it  preserves  its  colour 
and  spectrum  for  years  in  a  horribly  offensive  mixture.  This  is 
perhaps  mainly  the  result  of  the  power  which  it  possesses  of 
taking  up  oxygen  from  the  air,  and  yielding  it  again  to  other 
matter  in  contact  Its  chemical  stability  evidently  is  the  main 
factor  in  the  stability  of  life. 

Spectral  Plunomena  of  HcmatocrystaUine, 

Oxy-hemaiocfystallim. — ^When  a  concentrated  solution  of  hema* 
tocryetalline  is  placed  before  the  slit  of  the  spectroscope,  and  sun- 
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light  or  lirae-liglit  employed  for  illumination,  only  some  of  the 
most  extreme  red  light  is  perceived  in  the  spectrum.  On  con- 
tinued dilution  \s^ith  water,  the  illumination  extends  towards  the 
J)  line,  but  before  the  region  of  this  line  has  appeared  clear, 
light  is  perceived  in  the  green  between  the  lines  E  and  F.  On 
continued  dilution,  the  extension  of  the  light  proceeds  more  to- 
w^ards  F,  and  the  dark  region  in  the  middle  of  the  spectrum, 
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Int«iiiiity  Diagmm  of  Spoctmm  of  Oxy-hLmatocrystalliiie. 

which  may  now  be  called  a  band,  contracts  but  slowly.  But 
it  ultimately  allows  light  to  pass  over  its  middle^  and  is  soon 
seen  to  consist  of  two  bands.  Of  these  the  narrower,  darker,  and 
stronger  defined  one  is  situated  towards  the  red,  close  upon  the 
D  line,  while  the  second  wider  but  pale  one  is  by  the  aide  of  E» 
From  this  point  the  solution  may  he  greatly  diluted,  with  the 
effect  only  of  producing  some  shrinking  in  the  width  of  the 
bands.  But  ultimately  they  become  very  pale,  and  when  the 
solution  has  ceased  to  show  auy  colour  to  the  naked  eye,  the 
bands  also  have  completely  disappeared. 

Etduci'd  or  Deacydised  Htmatocrystallini. — Substances  which 
have  a  strong  tendency  permanently  to  tix  oxygen  easily  change 
the  oxy-hematocrystalliue  described  in  the  foregoing  into  the 
reduced  or  deoxydised  venous  variety.  Such  reducing  substances 
are  serum,  or  serum  diluted  with  water ;  hydrogen  and  arseniu- 
retted  hydrogen ;  a  solution  of  iron  suboxyde  sulphate  in  ammo- 
niacal  tartr^ite.  When  a  solution  of  oxy-hematocrystalline  has 
been  treated  with  any  of  these  agents,  while  protected  from 
contact  with  air,  and  placed  before  the  spectroscope,  only  one 
broad  band  is  seen  in  place  of  the  former  two.      It  is  a  little 
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Intensity  Dkgfmm  of  Spectrum  of  Ke<iaced  HematocrystalUne. 

wider  than  the  two  oxy-hematocrystalline  bands,  including  the 
green  space  between  them,  and  is  moved  a  little  more  towards  the 
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violet  end  of  the  spectrum.  Its  intensity  decreases  more  on  the 
violet  than  on  the  red  side.  "WTien  the  solution  is  shaken  np 
with  air  the  one  hand  disappears,  and  the  two  oxydised  hemato- 
crystalline  bands  reappear. 

Remathie,  CggH^^FeN^O^j. 

Mode  of  OUaininy. — Amorphons  hematocrj^stalline,  produced 
by  ponring  blood  into  a  large  quantity  of  concentrated  solution  of 
potassium  carbonate,  is  dried  at  40'',  and  extracted  with  cold 
absolute  alcohol  The  ruby -red  solution  is  treated  with  a  solu- 
tion of  tartaric  acid  in  absolute  alcohol  as  long  as  a  precipitate 
falls  down.  The  filtered  solution  is  then  slowly  evaporated  at 
40 ",  until  it  deposits  all  colouring  matter  as  a  fiue  powder  of  a 
black,  somewhat  violet,  colour.  This,  after  mixing  with  water 
and  ether,  is  made  to  undergo  the  previous  process  once  more, 
whei^upon  impure  heniine  is  obtained  as  a  violet-black  powder, 
gHttering  in  the  sunshine,  and  consisting  under  the  microscope 
of  rhombic  scales,  mostly  crossed. 

This  bemine  has  now  to  be  purified  by  lioiling  with  benzene  and 
glacial  acetic  acid,  ultimately  with  glacial  acetic  acid  alone.  The 
solution  contains  all  the  impurities,  particularly  a  phosphorised 
body,  and  some  hematine.  The  recidual  powder  is  cDssolved 
in  ammonia,  and  precipitated  by  acetic  acid.  After  drying  the 
pure  hematine  is  a  black  glistening  powder,  which  has  the  com- 
position expressed  by  the  above  fonnula  (Thudichum  and 
Kingzett,  "  Joum,  Chem,  Soc."  Sept  1876). 

Ciumical  Properties. — ^It  is  insoluble  in  water,  alcohol,  and 
ether,  but  dissolves  in  caustic  alkaline  water,  concentrated  acids, 
and  in  alkaline  or  acid  alcohol. 

By  keeping  it  becomes  more  insoluble  in  these  agents,  a  part 
becomes  insoluble  in  all  In  its  ammoniacal  solution  salts  of 
earths  and  metals  produce  precipitates,  which  are,  however,  very 
unstable.  Under  the  iniuence  of  concentrated  sulphuric  acid  it 
is  transformed  into  a  great  variety  of  substances,  described  as 
cruentines.  During  this  process  it  loses  much  iron,  but  retains 
some  to  the  last. 

Spectral  Phenomena  of  ffetnaUm.-^Ihe  alcoholic  alkaline  solu- 
tion shows  a  broad  dark  band  overlying  D,  as  in  the  diagram. 
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Diftgmm  of  AlJcAlme  Hematine  in  Alcohol  Spectrum. 

The  Spectrum  is  then  cut  off  at  the  b  line.     When  this  sola- 
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tion  is  treated  with  a  little  aulphuric  acid  to  acidity,  sulphate  m 
deposited  in  crystals,  and  the  spectrum  changes  to  that  of  acid 
hematine.  This  shows  four  bands  of  absoiption  arranged  as  in 
Pure  hematine  dissolved  in  alcohol  with  a  little 


the  diagram. 
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sulphuric  acid  gives  the  same  spectrum.  But  when  blood  cor- 
puscles precipitated  by  sodium  sulphate  are  extracted  with 
alcohol  and  sulphuric  acid,  as  w^as  first  done  by  Lecanu,  then  a 
solution  is  obtained  showing  five  bands  distributed  as  in  the 
following  diagram, 

1  Eh  F  O  HH' 
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Uingfum  of  Five-Bjioded  lleiuikliut;  S[iecimiii. 

Spliced  ffematine. — When  an  alkaline  watery  solution  of 
hematine  is  mixed  with  a  deoxydising  agent,  such  aa  the  alkaline 
tartrate  solution  of  ammonio^sulphate  of  iron  suboxyde,  the 
former  spectrum  gives  way  to  a  new  one,  showing  two  bands,  as 
in  diagram. 
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IHit^mm  of  Utduei'd  Heaiatine  Spectrum. 

The  two  bands  are  situated  at  about  the  same  distance  apart 
as  those  of  oxyhematocrystalline,  and  are  no  less  sharp  and 
distinctive.  They  are  a  little  more  removed  towards  the  violet 
end,  and  the  first  band  is  distant  from  the  D  line  by  about  ita 
own  bread tk  They  differ  much  from  the  bands  of  oxy-hemato- 
crystalline  in  the  relative  strength  of  the  first  and  second  band. 
Like  hematoerystalline  reduced  hematine  ia  oxydised  by  shaking 


HEMATOCRTSTALLINE  AI^D  IIEMaTINE, 


357 


up  its  solution  with  air,  the  one  band  alkaline  hematine  spectrum 
reappearing, 

Injii(etic€  of  Organic  Amh  uj^an  JBlood. — When  an  organic 
acid,  such  as  acetic  or  tartaric,  ia  mixed  with  diluted  blood,  one 
band  in  red  appears,  and  a  great  obscuration  of  the  rest  of  the 
spectnira  ensues.  The  one  hand  in  red  belongs  to  acid  hema- 
tine, and  the  darkness  in  green  is  due  to  the  two  other  bands  de- 
Bci'ibed.  These  it  is  not  easy  to  define  without  the  aid  of  sun- 
light or  l>rummond*8  light  In  such  watery  acid  solution  the 
hematine  is  probably  only  in  a  state  of  suspension ;  tor  on 
standing  for  some  time  the  whole  of  the  hematine  is  deposited, 
and  its  spectrum  disappears  from  the  solution,  which,  previously 
thick  and  not  translucent,  now  becomes  perfectly  clear.  We 
shall  see  in  the  next  chapter  that  some  descriptions  of  morbid 
nriiie  behave  exactly  like  these  mixtures  of  diluted  blood  and 
organic  acid. 

Crutntine, 

Mode  of  Obtaininf/. — When  hematocrystalline  is  boiled  with 
sulphuric  acid,  it  becomes  chemolysed,  the  albumen  dissolves, 
while  a  brownish-red  grumous  matter  remains  in  an  insoluble 
state*  Treated  after  wasliing  with  pure  sulphuric  acid,  it  dis- 
solves entirely,  and  is  now  cruentine  sulphate. 

Spectral  FhcTwrnena  of  Crneniine  Sulphate. — A  concentrated 
w^atery  solution  of  this  body  shows  one  broad  black  baud  in  red 
to  orange ;  the  visible  blue  is  about  as  wide  as  the  visible  green, 
w^hereupon  the  spectrum  is  cut  ofT.  On  dilution  this  band  spHii* 
up  into  two,  and  a  third  very  feeble  band  in  green  becomes 
visible  just  to  disappear 
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Diagram  of  S|wctrQm  of  CmeD tints  Sulphate, 

This  spectrum  is  remarkable  on  account  of  its  close  re- 
semblance to  that  of  paramelanine,  described  in  the  chapter  on 
uromelanine.  From  this  sulphate  of  cruentine  a  great  number 
of  other  derivates  have  been  obtained,  and  described  in  my 
several  reports  of  researches,  &c,,  in  the  9th,  10th,  and  11th  Re- 
ports of  the  Medical  Officer  of  the  Privy  Council* 


CHAPTER   XXXIV. 

CRUEXTUEESia 


GENERAL  DESCRIPTION* 

all  the  casea  of  this  disease,  also  called  intenmtt^nt 
lieouitiiria  or  heinatinuria,  which  have  been  obsen^ed  the  im- 
mediate exciting,  cauae  of  the  attacks  has  been  invariably  some 
definite  exposure  to  cold  or  wet.  The  form  taken  by  the  attack 
has  invariably  been  that  of  paroxysms ;  these  coming  on 
suddenly,  almost  immediately  after  the  chill  was  experienced, 
and  passing  ofl'  mpidly  when  the  effects  of  the  chiU  had  been 
counteracted  and  the  patient  had  bec-ome  thoroughly  warm.  In 
every  instance  the  paroxysms  have  begun  with  coldness  of  the 
extremities,  followed  by  general  chilliDess,  amoxmting  in  the 
severer  attacks  to  rigors.  In  like  manner,  in  every  case,  the 
chillinesa  or  shivering  has  been  attended  by  a  feeling  of  weight 
and  pain  in  the  loins,  and  by  pain  or  a  sense  of  weakness  or 
stiffness  in  the  lower  limbs.  The  chiUineas  has  been  usually, 
though  not  always,  followed  by  an  imperfectly  marked  febrile 
hot  stage.  The  patients  have  invariably  pains  during  the  par- 
oxysms, urine  looking  as  if  it  were  mixed  with  blood,  and  iden- 
tical in  general  character.  The  same  definite  course  has  been  run 
by  the  paroxysms  in  every  case.  From  half  an  hour  to  two 
hours  after  the  chilliness  or  rigors  the  patient  has  never  failed  to 
pass  the  first  dark-coloured  urine,  which  has  always  been  coagu- 
lable  by  heat  (Jiematocrystalline),  and  has  contained  numerous 
crystals  of  calcium  oxalate,  with  more  or  less  of  brownish-rod  or 
yellowish-red  amorphous  granular  matter  (hematine)  and  a  few 
hyaline  casts,  but  only  occasionally  some  stray  blood  corpusclea. 
At  each  succeeding  micturition  after  the  chilliness  the  urine  has 
invariably  shown  more  or  less  diminution  of  colour,  of  coagula- 
bility, of  calcium  oxalate,  and  of  its  other  abnormal  consti- 
tuents ;  resuming  its  natural  character  and  appearance  by  the 
second  or  third  micturition  after  slight  attacks,  and  usually  by 
the  fourth  or  fifth  after  severe  paroxysms.  By  the  second  day 
after  an  attack  the  patients,  as  a  rule,  have  regained  their 
ordinary  degree  of  health  and  strength,  and  have  continued  well 
until  some  fresh  exposure  has  brought  on  a  new  attack  of  their 
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corn  plaint  Most  of  the  patients  suffering  from  this  disease  have 
had  the  same  pale,  sallow/ cachectic  aspect,  two  of  them  having 
been  distioctly  *' jaundiced/*  and  the  others  having  all  had  at 
times  an  icteroid  tint  of  skin. 

Cruenturesis,  therefore,  is  a  definite  disease  duo  in  all  cases  to 
the  same  remote  constitutional  cause.  The  only  medical  treat- 
ment whieh  appears  to  have  any  effect  in  diminishing  tlie 
liahility  to  suffer  from  the  paroxysms  on  every  exposure,  is 
treatment  directed  durinnr  the  intervals  towards  the  improvement 
of  the  general  health  and  the  strengthening  of  the  patient's  con- 
stitution. Once  the  paroxysms  have  set  in,  the  most  simple 
means  of  restoring  warmth  are  all  that  it  is  advisable  to  use.  The 
short  duration  of  the  paroxysms,  the  very  general  absence  of 
blood  coi-puscles  from  the  urine,  even  at  the  time  of  the  par- 
oxysms, and  the  complete  recovery  of  the  normal  character  of 
the  urine  within  a  few  hours  after  their  subsidence,  seem  to 
show  that  there  can  be  no  cause  of  ha^moiThage  in  the  kidneys 
themselves,  but  rather  that  the  disintegrated  blood  tm verses 
through  the  walla  of  the  blood  vessels  in  the  ^lalpighian  bodies. 
For  this  reason  E.  H.  Greenliow  (the  author  of  a  learned  and 
instructive  essay  on  this  disorder)  regards  the  kidneys  rather  as 
the  organ  of  elimination  than  as  the  seat  of  the  disease^  and  con- 
siders the  renal  irritation,  the  existence  of  which  is  manifested 
by  the  pain  in  the  loins  and  by  the  presence  of  the  casts,  and 
occasionally  also  of  stray  blood  corpuscles  in  the  urine,  to  be  a 
secondary  affection  consequent  upon  congestion  of  the  kidneys 
produced  by  the  sudden  and  unusual  strain  thrown  upon  theru. 
Possibly  the  paroxysms  may  consist  in  the  sudden  disintegra- 
tion of  an  unusuiilly  large  quantity  of  blood  corpuscles,  setting 
Iree  so  considerable  an  amount  of  hematocrystalline  that  it 
cannot  undergo  the  normal  changes,  but  is  eliniinat'ed  through 
the  kidneys  in  a  comparatively  unaltered  state. 

Several  authors  have  considered  the  disease  to  be  of  malarious 
origiu,  and  there  is  no  doubt  that  in  some  of  the  cases  published 
the  patients  had  also  suffered  from  ague.  But  on  the  other 
hand  many  cases  have  never  suffered  from  ague,  and  some  at 
least  have  never  visited  a  malarious  district.  The  disease,  in 
fact,  naerely  resembles  ague  in  its  intermittent  form  and  in  its 
commencement  with  rigors,  which  are  followed,  however,  by  only 
an  imperfect  hot  stage,  and  rarely  by  a  sweating  stage.  It  differs 
from  ague  in  not  being  periodical,  and  in  requiring,  apparently,  a 
fresh  exposure  to  cold  or  damp  to  excite  each  separate  paroxysm. 
The  history  of  most  of  the  cases  seems  clearly  to  indicate  the 
existence  m  all  the  patients  of  some  sort  of  dyscrasia,  upon 
which  the  external  chill  acts  only  as  the  immediate  existing 
cause  of  the  paroxysm.  Many  patients  suffer  from  so-called 
rheumatic  pains  during  the  paroxysms.     Some  patients  sufler 


CRUENTUBESIS. 


from  such  pains  at  all  times,  but  this  ia  probably  due  to  colla- 
teral disorders,  with  which  they  are  afflicted  at  the  same  tiDie* 
1^0  past  mortem  examination  has  ever  been  made  of  any  case. 

^pectrosaypical  and  Chemical  Examinatmi  of  the.  Urim, — Tlie 
urine  is  of  brownish-red  colour,  and  turbid  by  a  browniah-red 
precipitate.  When  the  latter  is  filtered  oft*  and  tested,  it  is 
found  to  be  hematine  in  the  same  state  as  the  hematine  which 
is  precipitated  by  acetic  acid  from  a  watery  solution  of  blood  on 
standing.  The  filtrate  is  more  red  than  brown ,  clear,  and  port 
wine  red  in  transmitted  light.  In  layers  of  from  I  to  2  centi- 
metres in  thickness  it  exhibits  before  the  spectitjacope  two 
absorption  bands,  which  on  dUution  or  exposure  of  thioner 
layers  augment  to  four,  as  exhibited  in  the  diagram. 
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Uiagram  of  S[>ectTum  of  Urine  in  Intermittent  Craenturesit. 

At  first  sight  this  spectrum  offers  a  remfirkable  similarity  to  that 
of  alkaline  four-band  cruentine  described  by  me  elsewhere.  It 
is,  however,  clear  that  cmentine  cannot  be  present  By  boiling 
of  the  urine  the  entitle  amount  of  colouring  matter  is  coagulated, 
and  from  the  coagulum  alcohol  and  sulphuric  acid  extracts 
hematine  only.  This  points  to  hematocrystalline  with  the 
spectrum  of  which  the  bands  ff  and  7  nearly  coincide.  It  is 
next  found  that  the  hands  a  and  S  coincide  with  two  of  the 
bands  of  hematine  in  acid  solution.  Further,  when  the  urine  is 
treated  with  a  reducing  solution  of  sulphate  of  suboxyde  of  iron 
in  tartrate  of  ammonium  with  excess  of  this  alkali  the  four 
bands  immediately  diaapfiear,  and  one  brood  band  is  present  in 
their  place. 
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Diugtma  p1  Sptsclmni  of  Uriao  treatad  with  Kedtuimg  Fluid,. 

By  violent  shaking  with  air  the  broad  band  disappears,  and 
the  former  bands  do  not  always  reappear.  The  fluid  is  extremely 
turbid,  and  most  of  the  hematine  and  hematocrystallino  is  pre- 


cipitatei  Thus  far  the  mixture  (11061-8  in  bearing  from  pu.3 
heioatocrystalliiie  and  hematine,  in  which,  after  reJuction  and 
shaking  \\ith  air,  the  bauds  would  reappear.  From  a  com- 
parison of  the  spectrum  of  reduced  hematiue  it  will  he  seen  that 
it  necessarily  coincides  with  that  of  reduced  hematocrystalline, 
that  the  separation  of  its  bands  cannot  appear  just  as  in  the 
original  spectrum  of  the  urine  the  bands  2  and  3  of  four-band 
hematiue,  or  the  bands  2,  3,  and  4  of  five-hand  hematiue,  coin- 
cide with  the  two  bands  of  hematocrystalline.  •  All  part^  there- 
fore show  that  hematocr}'3talline  and  hematiue  in  about  equal 
proportions  are  present  in  the  urine  in  question,  and  the  only 
anomaly  which  may  perhaps  yet  be  explained  by  the  complex 
character  of  the  fluid  is  that  on  shaking  with  air  of  the  reduced 
fluid,  although  the  one  band  disappears  none  of  the  original 
bands  reappear.  Somehow  or  other  the  substances  have  been 
changed  by  this  operation. 

The  paroxysmal  urine  is  extremely  acid ;  the  natui'e  of  the  free 
acid  remaios  to  be  examined.  On  standing  it  deposits  a  floccu- 
lent  bix>wn  pi'ecipitate  of  hematine,  and  the  bands  of  hematiue 
in  the  spectrum  become  much  paler,  wlule  the  fluid  becomes 
redden  Watery  blood,  mixed  with  a  little  acetic  acid  shows  the 
same  hearing. 

From  all  observations  it  follows  that  the  urine  in  paroxysmal 
cruenturesis  contains  hematocryatalline  and  hematine  in  solu- 
tion. The  hematine  also  occurs  as  a  precipitate,  which  increases 
on  standing.  There  is  no  proof  of  the  presence  of  dissolved 
albumen  apart  from  the  coagulable  hematocryatalline.  It  is 
probable  that  in  this  disease  a  small  quantity  of  blood  is  some- 
how or  other  dissolved,  e.g.,  by  bursting  of  a  Malpighian  glomer- 
ulus, and  mLxing  of  the  blood  with  effused  urinary  water,  or  by 
other  means.  The  heraatocrystalline  so  effused  is  in  part  trans- 
formed into  hematine  (and  some  other  body,  possii*ly  albumen  in  a 
precipitated  floeculent  form),  which  for  a  time  remains  in  the  fluid, 
but  is  gradually  deposited  in  the  insoluble  form.  This  trans- 
formation is  probably  due  to  the  morbid  evolution  in  a  certaia 
part  of  the  kidney  of  a  quantity  of  organic  acid,  possibly  acetic, 
or  kryptophanic  acid,  which  dissolves  the  hematine,  and  imparts 
to  the  urine  an  unusual  and  very  high  morbid  degree  of  acidity. 
The  presence  of  oxalate  of  calcium  in  the  urine  is  no  anomaly, 
but  if  it  has  any  significance  by  being  present  in  large  quantity 
would  point  in  the  same  direction,  as  the  presence  of  an  excess 
of  the  other  acids.  The  presence  of  acetic  and  kr}^pt43phanic 
acids  is  no  anomaly,  as  they  are  normal  ingredients  of  the  urine. 
But  their  pi^sence  in  a  concentrated  form  in  a  certain  part  of 
the  kidney  tubes,  where  the  other  urinary  constituents,  notably 
urea,  were  not  yet  secreted  and  mixed  with  the  hematocrystalline 
solution,  so  that  it  could  transform  a  part  of  the  effused  hema- 
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tocrystalline  into  hematine,  is  a  great  anomaly,  and  perhaps  the 
e88enc€  of  the  disease.  Possibly  the  acid  itself  is  the  cause  of 
the  effusion  of  the  blood,  of  its  solution  and  partial  tranafonnar 
tion. 

My  observations  on  cmenturesis  were  the  first  instance  in 
which  hematine,  hitherto  known  as  an  ail  product  of  the  labora- 
toiy  only,  has  been  proved  to  be  present  in  an  organic  morbid 
fluid  as  the  product  of  the  diseased  process  itself. 

Cruentiires^is  after  SrecUhing  ArseniureUed  Hydrogen, 

A  professor  of  physics  having  performed  an  experiment  with 
a  balloon  full  of  hydrogen,  breathed  some  of  this  gas,  when 
emptying  the  balloon  of  its  contents  by  pressure.  He  became 
suddenly  very  ill,  but  soon  recovered,  and  after  the  lapse  of  some 
time  passed  a  urine  which  was  black  like  ink,  coagulated  on 
boihug,  but  contained  no  blood  corpuscles  when  examined  under 
the  microscope.  This  condition  of  the  urine  lasted  for  about 
twenty-four  hours.  It  was  found  that  the  hydi^ogen  used  for 
the  experiment  contained  arseniuretted  hydroge'n  (J.  Vogel). 

In  a  similai'  case  related  by  Schiudler,  a  deep  reddish-brown 
urine,  mixed  with  clots  of  blood,  was  discharged.  In  the  case 
related  by  O'Keilly,  there  was  first  bloody  urine,  succeeded  by 
suppression  of  urine^  after  which  the  face  became  copper-coloured, 
and  the  rest  of  the  body  greenish,  sjrmptoms  probably  indicating 
the  presence  of  free  bematine  in  the  blood.  As  matters  stand  at 
present  it  is  impoaaible  to  decide  whether  the  hematocrystalline 
is  not  free  in  the  blood  already,  or  after  blood  has  extravasated. 
Blood  might  enter  the  kidney  tubes,  form  casts,  and  then  be 
extracted  by  urinary  water.  The  casts  might  be,  as  they  some- 
times are,  expelled  after  having  been  quite  deprived  of  colouring 
matter.  On  the  other  hand,  the  symptoms  of  hematogenetic 
icterus  are  more  easily  explained  by  a  dissolution  of  hematociye- 
talline  within  the  blood  ;  they  could,  however,  also  result  from  a 
reabsorption  of  efliised  hematocrystalline  from  the  kidneys  j  the 
prooeeA  would  be  similar  to  the  absorption  of  effusions  in  bmiaea. 

Vogel  caused  a  dog  to  breathe  arseniuretted  hydrogen,  where- 
upon the  animal  discharged  a  blackish-brown  urine,  which 
contained  a  large  amount  of  hematocrystalline. 

CmeiUuresis  in  Typhus, 

In  Typhus  blood  is  not  rarely  discharged  from  the  kidneys, 

Sometimes,  however,  the  urine  shows  the  features  of  cruenturesis, 
liematocryatalliue  alone,  without  any  visible  blood  corpuscles 
being  present  This  happens  dm-ing  the  acme  of  the  disease,  and 
disappears  after  some  time. 
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HISTORY  AND  LITERATimE. 

These  mordid  pigments  were  first  described  by  J.  H,  Schultz 
(case  of  pemphigus  leprosus^  complicated  with  lepra  vi8ceralis» 
"  In.  Diss.  Greifswald/'  April  1874),  and  F,  Baumstark  (two  pa- 
thological urinary  pigments,  Ptliiger's  '*  ArcUv/'  9  (1874).  568). 

History  of  ike  Case, — A  wandering  artisan  was  in  June  1860 
seized  with  general  indisposition,  which  returned  every  spring 
in  an  aggravated  form  luitd  1873,  when  he  died.  The  attacks 
began  in  April  or  May  with  violent  fever,  during  which  the 
temperature  of  the  body  sometiriies  rose  to  41  'O"  C,  and  lasted 
until  September  or  October.  The  fever  seemed  to  be  a  daily 
ague,  with  cold  and  hot  stage,  but  without  perspiration.  The 
spleen  was  increased  during  each  period  of  sickness.  He  was 
treated  during  1870  with  injections  of  arsenic,  and  in  1872  with 
iiyections  of  aecale  coruutum,  In  1873  he  became  ascitic,  and 
bad  to  be  tapped  twice  shortly  before  his  death.  The  ascitic 
fluid  evacuated  in  the  first  operation  measured  3800  c.c,  was 
yellow  and  albuminous,  and  strongly  acid.  The  heart  and 
digestive  organs  wei^e  not  afliected.  At  each  period  of  sickness, 
after  the  fever  symptoms  had  continued  some  time,  blisters  rose 
on  the  skin  of  the  patient,  which  when  pricked  etTused  a 
sanguinolent  fluid,  strongly  acid  and  containing  pigment  cells 
in  suspension.  These  blisters  then  became  purulent,  and  casting 
off  the  epidermis  were  transformed  into  ulcers,  which  healed  but 
slowly.  The  first  blisters  appeared  in  1860  upon  the  nose.  At 
later  periods  they  extended  over  the  entire  head,  the  nape  of  the 
neck,  and  ultimately  the  fingers.  The  extremities,  abdomen, 
chest,  and  back  remained  free*  The  blisters  again  attacked  the 
nose  in  1866,  and  left  for  the  first  time  a  cicatrix  upon  that  organ. 
After  this  the  nose  and  both  ears  were  entirely  destroyed,  and 
the  fingers  became  aftected.  During  the  winter  months  tho 
patient  appeared  to  be  in  ordinary  good  health. 

Some  years  before  the  appearance  of  the  skin  complaint  the 
patient  had  observed  hia  urine  to  be  red,  darker  in  the  morning, 
lighter  towards  evening.     The  colour  became  more  intense  with 
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the  progress  of  the  disease.  In  June  1871,  and  in  July  1872» 
when  the  pemphigus  was  extremely  developed,  the  urine  was 
observed  to  be  dark  or  black.  The  specimens  of  urine  which 
yielded  the  pigments  to  be  described  below  were  observed 
during  March  1873. 

From  the  clinical  observations  of  the  patient  it  appeared' 
that  during  the  periods  of  sickness  and  increase  of  spleen, 
the  colouring  matter  of  the  blood  became  much  diminished, 
a  circumstance  which  led  the  observers  to  lay  the  focus  of 
the  disease  into  the  spleeu.  They  conclude  that  the  chemical 
process  in  the  spleen  by  which,  according  to  a  current  opinion, 
the  normal  red  colouring  mntter  is  formed,  was  so  far  altered  by 
the  disease  that  the  abnormal  pigments  to  be  described  below 
were  fonned  instead. 

The  patient^s  appetite  was  good,  and  his  digestion  regular. 
Yet  he  was  emaciated  and  weak. 

At  the  post  marterii  examination  the  spleen  was  found  much 
increased  in  size,  9  inches  long*  5f  inches  broad,  and  2  j  inches 
tliick.  Beyond  this  increase  no  pathological  features  were  dis- 
covered about  the  spleen ;  its  colour  was  brownish-red,  nearly 
black,  and  this  is  supposed  to  have  been  due  to  a  deposition 
duriug  the  illness  of  some  other  undefined  abnormal  pigment 
The  kidneys  were  small,  their  capsules  easily  detached.  On 
sections  there  appeared  no  anomalies,  except  remnants  of 
hiemmorrhagic  spots  in  the  cortical  and  central  substance.  The 
authors  do  not  believe  that  there  was  any  connection  between 
these  conditions  of  the  kidneys  and  the  pigments  of  the  urine. 

The  urine  of  the  patient  was  observed  in  hospital  from  August 
18GU  to  August  1870  as  regards  quantity  and  specific  gravity. 
The  greatest  quantity  was  2G20  ac,  in  twenty-four  hours ;  the 
smallest,  1130  cc;  mean.  1875  c,c.  The  specific  gravity  was 
maximum,  1019;  minimum,  1009;  mean,  1014.  In  1872,  during 
the  most  severe  paroxysm  of  the  disease,  on  June  19,  the  urine 
amounted  to  1870  cc,  and  was  of  specific  gravity  1009. 

Baumstark  examined  the  urine  for  the  first  time  in  March 
1873,  when  the  patient  was  relatively  well,  and  found  it  of  a 
fine  red  colour  like  claret  In  Juno  1873,  when  the  patient 
was  again  very  ill,  other  specimens  were  examined,  and  found 
to  be  brownish^nid,  sometimes  nearly  black,  so  that  they  had  to 
be  diluted  to  show  their  true  colour.  As  the  case  proceeded 
towards  its  teniiination  the  colour  of  the  urine  beaime  more 
brown,  and  the  last  urine  passed  on  the  day  before  death  was  of 
a  purely  cofiee-brown  colour.  The  odour  of  the  urine  was 
strong  and  peculiar,  unlike  nonnal  urine.  When  heated  with 
alkali  it  emitted  a  faecal  odour.  The  peculiar  odour  adhered  to 
all  preparations  made  from  it  almost  to  the  stage  of  ultimate 
purity,    The  reaction  of  the  mine  was  always  stiiongly  acid. 
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When  fresh  it  was  always  clear  and  transpareBt,  and  under  the 
microscope  no  formed  ingretlients  except  a  few  granillea  of 
amorphous  pigment  could  be  found  in  it  In  particular,  blood 
corpuscles,  which  were  carefully  searched  for,  could  never  be 
found.  It  never  contained  albumen,  never  any  biiiaiy  colouring 
matter.  It  made  a  strong  deposit,  which  seems  to  have  con- 
sisted of  urates  at  earlier  stages ;  later  on  Baumstark  found  it 
to  consist  of  uric  acid.  Almost  the  half  of  the  uric  acid  con- 
tained ill  the  urine  fell  out  spontaneously  when  it  was  allowed 
to  stand  forty-eight  hours.  The  average  quantity  of  urea  con- 
tained in  the  twenty-four  hours'  urine  was  295  grm.;  of  xirio 
acid,  1^6  grm.;  of  phosphoric  acid,  2  2  grm. 

The  spectroscopic  examination  of  the  urine  showed  two  feeble 
absorption  bands,  a  narrow  one  lying  near  D  towards  the  red, 
and  a  wide  one,  lying  away  from  D  one-third  towards  E.  From 
E  towards  the  violet  there  were  different  shades,  which  Baum- 
stark does  not  define  any  better,  though  he  indicated  them  in  hia 
sketch.  The  pigment  was  very  stable.  It  was  precipitated  by 
basic  lead  acetate. 

Isolaiion  of  Two  Colmiring  MattcTB, — The  urine  was  subjected 
to  dialysis.  A  fluid  of  the  yellow  colour  of  nonnal  urine,  together 
with  the  salts,  passed  through  the  diaJyser,  while  a  brown  mud 
remained  deposited  on  the  membrane.  This  mud  was  easily 
soluble  in  caustic  soda,  and  the  solution  on  addition  of  acid 
deposited  brown  flakes,  %vhLle  another  pigment  of  magenta-red 
colour  remained  in  solution.  When  the  brown  deposit  was 
filtered  off,  and  the  red  acid  filtrate  was  again  subjected  to 
dialysis,  the  red  pigment  also  was  deposited  in  flakes.  By 
frequent  repetition  of  these  proceedings,  both  pigments  could  be 
perfectly  separated.  But  it  was  necessary  to  frequently  change 
the  water  under  the  dialyser.  If  the  water  beciime  too  salty,  the 
pigments  also  passed  throiigh  the  membrane.  To  avoid  all  loss 
the  dialysis  was  allowed  to  complete  itself  into  a  current  of  water 
running  slowly  under  the  diaphragm.  The  brown  matter  waa 
termed  by  Baumstark  Uro/mcohrmatinc,  the  red  pigment  Urorvr- 
brohematim.  The  red  urine  in  March  1873,  and  for  some  time 
after,  oontained  mostly  the  red  pigment ;  towards  June  the  brown 
pigment  began  to  prevail,  and  ultimately  was  the  only  abnormal 
pigment  present,  the  red  one  having  almost  entirely  disappeared. 
The  urine  of  twelve  days  yielded  about  2  grm*  of  mixed  pig- 
ments ;  from  the  mixture  there  was  obtained  more  brown  than 
red  pigment 

ZJ^ranihroh^matine. 

The  analyses  of  the  pigment  gave  the  following  results  : — 

C    50-87  N      6^57 

H      5  89  Fe      7 '30 
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From  these  figures  Baumstark  calculates  the  formula — 
C^H^NgFcgO^,  which  he  assumes  to  be  derived  from  hematiDe 
by  the  substitution  of  8H  by  40,  and  the  addition  to  the  mole- 
cule of  16H«0.  Considering  that  the  formula  of  hematine  upon 
which  this  formula  is  based  has  been  proved  to  be  wrong  {se4 
above,  Hematine,  p,  365),  and  that  it  is  not  certain  whether 
there  waa  not  some  inorganic  acid  combined  with  the  urorubro- 
hematine,  this  formula  is  very  improbable. 

The  freshly  pi-ecipitated  pigment  is  a  flaky  dark  brown  maaSi  i 
easily  separated  from  the  liquid  by  filtration.  Dried  over  sul- 
phuric  acid,  it  is  a  bluish-black  mass  without  lustre*  U  waa 
never  crystalline.  On  paper  it  makes  a  nut-brown  mark ;  it  is 
very  light  It  is  insoluble  in  water,  alcohol,  ether,  chloroform, 
benzol,  carbon  sulphide,  solution  of  common  salt.  It  is  soluble 
in  alkalies,  including  ammonia,  with  a  brownish-red  colour,  which 
on  dilution  becomes  granate,  without  dicbmism,  in  phosphates 
and  carbonates  of  alkalies,  with  a  light  red  colour.  In  those 
solutions  acids  cause  no  pi'ecipitate,  but  a  change  of  colour  to  a 
bluish  cherry-reA  When  the  acid  solution  is  subjected  to 
tlialysis,  the  pigment  is  completely  pi'ecipitated  before  the  liquid 
has  lost  its  acid  reaction. (!)  When  the  acidified  solution  is  eva- 
porated to  dryness,  the  pigment  becomes  completely  insoluble  in 
water.  The  alkaline  solution,  however,  can  be  evaporated  in  the 
water-bath  without  undergoing  any  visible  change.  Calcium  and 
baryura  salts  do  not  precipitate  the  pigment  from  such  alkaline 
solutions.  Hydrochloric  acid  much  diluted  with  water,  or  with 
alcohol,  dissolves  the  pigment  with  a  violet  colour.  Solution  of 
sodic  chloride,  with  some  hydrochloric  acid  dissolves  it  with  a 
cherry-red  tint.  The  acid  solution  before  the  spectroscope  shows 
the  principal  bands  of  the  original  urine,  namely,  a  narrow  band 
on  the  side  towards  red  of  B,  and  a  broad  band  between  D  and 
E,  nearer  to  I>.  (This  is  exactly  the  acid  cruentine  spectrum 
originally  described  by  me  in  Kep,  1867,  sf'^  above  under 
Cruentine,  p.  357.  Baumstark  in  hib  sketch  omits  to  draw  the 
terminal  absorption  towards  the  blue.)  The  alkaline  solution 
Baumstark  describes  as  showing  four  bands,  of  which  one,  however, 
is  the  terminal  absoi-jjtion  from  G  to  H,  which  in  the  previous 
spectrum  he  has  neglected.  It  is  therefore  more  correct  to  say 
that  thiB  alkaline  solution  had  three  bands,  of  which  one,  narrow, 
was  near  D  towards  E,  another  equally  narrow  o%^erlying  E,  and 
a  very  broad  one  stretching  from  F  to  half-way  towards  Q.  Then 
there  was  a  blue  interval,  and  the  rest  from  G  was  black,  without 
any  violet  being  visible.  (This  spectrum  does,  however,  not 
coincide  with  my  four-banded  spectrum  of  alkaline  cruentine, 
in  which  four  detached  bands  are  all  distributed  between  D 
aud  F.) 


and  is  declared  by  Bautnstark  to  be  a  hematiue  free  from  iron, 
in  which  iron  is  replaced  by  4H,  and  to  which  16HjO  are  added, 
an  operation  which  yields  the  formula  C^H^o^NgO^^j.  To  this 
formula  also  the  remarks  apply  which  I  made  when  speaking  of 
urorubroliematine, 

Freshly  precipitated,  it  ia  flaky  dark  brown,  dries  over  sul- 
phuric acid  to  a  black  shining  mass,  makes  a  dark  brown  mark 
on  paper,  insoluble  in  water,  alcohol,  ether,  chloroform,  benzole, 
acids,  and  in  solution  of  common  salt,  containing  free  hydro- 
chloric acid»  Soluble  in  alkalies  with  a  brown  colour,  without 
dichroiam;  not  altered  by  dilution,  and  precipitated  from  this 
dilution  by  acids  in  brow^n  flakes.  From  the  allcaline  solutions  it 
is  precipitated  in  brT>wn  flakes  by  calcium  and  barj'um  salts.  In 
phosphates  and  carbonates  of  alkalies,  and  in  alcohol  containing 
hydrochloric  acid,  the  body  dissolves  with  a  brown  colour. 
Spectroscopically,  the  body  is  not  well  characterised.  Its 
alkaline  solution  shows  a  shade  between  D  and  E,  another  very 
faint  one,  difficult  to  recognise  between  b  and  F,  overlapping  F  ; 
violet  and  blue  strongly  absorbed ;  the  entire  spectrum  very 
diffuse,  and  badly  defined. 

Both  bodies  are  described  as  very  stiible,  so  that  they  can  be 
boiled  with  concentrated  caustic  soda  or  hydrochloric  acid  for  some 
time  without  suffering  any  change.  Heated  with  soda  lime, 
they  yield  the  nitrogen  as  ammonia,  A  quantity  of  a  product, 
smelling  like  tar,  passes  over  at  the  same  time,  with  other 
brown  empyreumatic  products.  Wien  subjected  to  dry  distil- 
lation by  themselves  the  pigments  evolve  a  disagreeable  odour, 
and  yield  a  product  which  in  small  quantities  even  yields  the 
reaction  for  pyrrol  (deposits  pyrrol-red,  colours  a  pine-shaving 
moistened  with  hydrochloric  acid  of  a  red  colour).  This  result  is 
similar  to  that  obtained  from  hematine. 

There  can  be  no  question  that  these  bodies  are  related  to 
hematine,  and  that  they  are  perhaps  derived  from  it.  They  are 
characteristic  products  of  rare,  chronic,  severe,  and  fatal  forms  of 
constitutional  disease. 
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HISTORY  AKD  LITERATUEE. 

The  condition  of  urine  here  referred  to  wag  first  described  by 
Prout  ('*  Stomach  and  LTrinary  Diseases,"  3d  edit  p.  112).  A 
series  of  observations  were  given  by  Bence  Jones  ("  Medic. 
Chin  Trans."  33(1850),  and  "Phil.  Trans/' (1850)  2.  651,  and 
some  cases  described  by  Elliotson  ("  Med  Times  and  Gaz." 
Sept,  19  (1857),  p,  288).  The  anatomy  of  a  case  has  been 
recorded  by  Priestley  (';  Edinb.  Med.  Jour.*'  1856,  p.  945).  A 
great  number  of  sporatlic  observ^ations  throw  no  light  either  on 
the  etiology  of  the  disorder  or  on  the  chemistry  of  the  urine,  and 
need  not  therefore  be  quoted  (see  Schmidt's  **  Jahrbucher/'  1863, 
12,  274). 

Fihrine* 

Fibrine  is  anatomically  well  characterised  by  its  spontaneous 
ooagnlation.  Of  its  chemical  properties  httle  is  known,  if  we 
except  the  percentic  elementary  composition,  which  is  almost 
identical  with  that  of  albumen  and  caseine. 

When  fibrine  occurs  in  urine  it  always  coagulates  at  some 
time  or  other  after  having  left  the  circulation.  It  may  become 
insoluble  already  in  the  urinary  tubules,  and  then  constitute  the 
various  descriptions  of  casts  of  those  tubules — ^the  common  pro- 
ducts of  certain  diseases  of  the  kidneys.  In  other  cases,  cot 
absolutely  connected  with  diseases  of  the  kidneys,  the  fibrine  may 
be  kept  in  solution  in  the  urine  until  its  arrival  in  the  bladder, 
and  then  coagulating,  may  give  occasion  to  difficulty  in  passing 
tlie  urine.  It  may  also  keep  in  solution  until  the  urine  has 
stood  for  a  time  after  its  emission,  and  then  coagulating,  may 
assume  the  shape  of  the  vessel  in  w^htch  it  happened  to  be  at 
the  time. 

When  such  coagulating  urine  contains  fat  in  appreciable 
quantities,  and  is  thereby  made  turbid  and  opaque,  like  milk, 
it  is  termed  chylous  urine.  This  coagulating  or  chylous  urine 
establishes  a  very  dillerent  prognosis  from  urine  containing 
librine  in  casts,  or  in  large  ooagula  assuming  the  shape  of  the 
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vessel  formed  after  emission,  and  denoting  acute  disease  of  the 
kidneys. 

Cht/l&us  Urine, 

This  description  of  urine  is  of  very  rare  occurrence  in  Europe, 
about  half  the  number  of  cases  on  record  having  been  observed 
in  natives  of  hot  climates  (East  and  West  Indies,  Mauritius, 
and  Brazil),  or  in  individuals  who  bad  resided  for  maoy  years  in 
hot  climates. 

The  properties  of  chylous  urine  are  due  to  the  admixture  with 
healthy  urine  of  certain  constituents  of  the  blood,  or  lymph  or 
chyle,  which  admixture  is  itself  the  effect  of  some  peculiar 
disease  at  present  unknown,  but  what  may  be  surmised  to  be  pro- 
bably of  parasitic  origin.  The  urine  which  is  secreted  under 
the  influence  of  that  disease  is  characterised  by  the  presence  of 
either,  or  several,  or  all  of  the  following  abnormal  ingredients  : — 
Bed  Mood  carpuscles,  frequently  mixed  with  some  white  ones. 
They  may  be  entangled  in  fibrinous  coagula,  or  form  a  deposit 
on  standing-  In  either  case  they  are  easily  diagnosed  by  the 
microscope. 

Fihri/ie  occurs  in  shreds  and  films,  enclosing  blood  globules, 
which  rise  to  the  top  of  the  fluid  on  standing,  and  remain  on  the 
filter,  through  which  the  urine  may  be  passed.  Blood  globules 
frequently  pass  through  the  filter.  When  tlie  fibrine  occurs  as  a 
single  coagiilum,  it  may  be  small  and  partial,  and  occupy  the 
centre  of  the  vessel  as  a  contracted  mass,  like  the  coagulum  of 
the  blood  in  its  serum.  On  other  occasions  the  whole  of  the 
urine,,  already  in  the  bladder,  or  in  the  vessel  into  which  it 
has  just  been  passed,  coagulates  into  a  tremulous  mass,  which, 
when  fatty,  is  like  white  jelly,  and  assumes  the  shape  of  the  vessel 
The  coagulum,  in  both  instances,  particularly  if  it  be  broken 
up  by  agitation,  gradually  separates  into  two  portions — a  fluid  or 
serous  portion,  more  or  less  opalescent  or  milky,  like  the  urine 
itself,  and  which,  when  left  at  rest  for  a  few  hours,  frequently 
throws  up  a  sort  of  creamy  matter  on  its  surface ;  and  a  very 
I  delicate  fibrinous  mass,  small  iu  comparison  with  the  original 

^K  bulk  of  the  coagulated  mass,  of  a  flesh-like  appearance,  and 
^H  generally  tinged  more  or  less  of  a  red  colour,  from  the  presence 
^H        of  blood  coi^puscles. 

^^  Albumen  may  be  present  in  veiy  small  or  very  large  quan- 

■  tities.     It  is  then  demonstrated  by  the  usual  tests — boiling  and 

I  nitric  acid»    The  amount  of  albumen  was  found   by  different 

I  inquirers  performing  nine  analyses  to  vary  between  0"2  and  19 

I  per  cent,  of  the  urine. 

^^  Albuminoid  matter — imperfect  albumen  of  Prout — I  have  met 

^H  with  in  apparently  normal  urine  of  a  patient  who  ordinarily 
^^^C-^^<^^^  chylous  urina 
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The  urine  gave  bo  reaction  for  albumen,  but  yielded  an 
abundant  precipitate  with  tannic  acid.  This  acid  does  not 
produce  any  precipitate  in  healthy  nrine.  The  albuminoid  matter 
waa  not  gelatine,  as  it  did  not  gelatinise  when  the  urine, 
after  evaporation  on  the  water-bath,  waa  allowed  to  cool. 
This  matter  resembles  alkali-albumen,  or  caseine^  in  that  it 
does  not  coagulate  on  boiling,  and  remains  soluble  in  boiling 
water  after  evaporation  of  the  urine  to  drj^ness. 

Fatty  matters. — ^Their  presence  is  the  cause  of  the  milky 
turbidity  \vhich  may  exist  in  all  degrees  from  a  pale  opalescent 
white  or  amber,  permitting  the  transmission  of  some  ligh* 
through  layers  not  exceeding  an  inch  in  thickness,  to  milk- 
white,  and  quite  impervious  to  light 

In  this  description  of  urine  there  are  seen  floating  under  the 
microscope  m}Tnads  of  infinitely  minute  particles ;  globules  of 
oil  are  only  rarely  met  with.  The  minute  particles  are  scarcely 
recognisable  under  a  power  of  420, 

This  milky  urine,  when  digested  with  its  bulk  of  ether,  on 
repose  yields  three  layers^ — an  upper  ethereal  solution,  beneath 
this  is  a  thin  filmy  layer  of  albumen  precipitated  by  the  ether, 
and  lowest  the  now"  almost  perfectly  clear  urine,  containing 
some  ether  in  solution.  The  upper  ethereal  solution,  after 
the  ether  has  been  removed  by  distilhition,  leaves  the  fatty 
matters. 

These  consist  of  a  mixture  of  fats  and  fatty  acids,  Tlie  fats 
can  be  separated  into  two  portions,  one  solid,  the  other  lii|uid, 
at  the  ordinary  temperature,  by  pressure  between  folds  of 
bibulous  paper,  from  which  the  oily  fat  can  be  again  extracted 
by  ether.  The  presence  of  a  free  fatty  acid  can  be  shown  in 
two  ways :  first,  by  extracting  the  fats  with  strong  alcohol,  am 
adding  some  alcoholic  lead  acetate,  when  a  precipitate  of  an  in- 
soluble lead  salt  will  ensue  (probably  st^arate) ;  secondly,  by 
boiling  the  solid  fat  or  a  portion  with  solution  of  sodic  phos- 
phate. A  white  emulsion  indicates  the  pi^esence  of  fatty  acid. 
When  the  liquid  fat  is  boiled  with  phosphate  of  8odium>  a  slight] 
emulsion  is  also  obtained,  due  to  some  fatty  acid  dissolved  in 
the  oil ;  but  the  oil  on  repose  collects  again  on  the  top  of  the 
solution  in  the  shape  of  the  same  drops  in  which  it  had  been 
added.  The  oil,  with  sulphuric  acid  and  sugar,  givee  a  purpl 
reaction,  though  never  strongly,  caused  by  the       '  ' 

may  be  present  in  the  free  state  or  A  olei^       1 
by  ether  from  urine  or  its  residuA^y 

tains  a  quantity  of   reddish  colt*^d,  ..u*i  ^^• 

matters,  from  which  it  can  be 
alcohol ;  but  when  the  fats  are 
appears.     Eggel  has  reported 
1870,  p.  121)  a  case  of  chylow 
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could  extract  by  ether  matter  weighing  2*68  grm.  In  these  he 
believes  to  have  shown  the  presence  of  neutral  fats,  fatty 
acids,  cholesterine,  lecithine,  and  even  of  the  products  of  decom- 
position of  the  latter,  neurine  and  phosphoric  acid.  AckermaDU 
("  Deutsche  Klinik,"  1863,  Nr,  23  and  24)  denies  the  occurmice 
of  fatty  acids.  Beate  found  in  the  chylous  uiine  of  a  woman 
60  much  as  13'9  grm,  of  fats  per  litre;  Quevenne.  19*0  grm.; 
Boucliardat,  13*6  grm.;  Rogers,  110  grm.;  Edwards,  99  grm,; 
Bence  Jones,  7*9  grm.;  aod  Gamgee,  2  0  grm.  per  litre. 

Variaii>ons  in  the  Nature  of  the  Secretion, 

The  urine  is  oftener  fatty  when  the  patient  subject  to  this 
disease  lives  on  an  animal  diet  than  when  he  eats  a  moi'e  vege- 
table one.  It  is  most  clear  before  breakfast,  and  most  fatty 
after  dinner.  It  is  oftener  free  from  fat  before  breakfast,  when 
the  diet  is  vegetable,  than  when  it  consists  more  of  animal  food. 
Fat  passes  off  in  the  urine  after  food  is  taken,  yet  the  albumen 
and  fibrine  and  blood  globules  are  thrown  out  before  any  food 
has  been  taken.  During  perfect  re^t  the  albumen  ceases  to  be 
excreted,  and  it  does  not  appear  in  quantity  in  the  urine  even 
after  fcKxl  is  taken,  provided  there  is  perfect  rest.  The  disease 
of  the  kidneys  permits  fibrine,  albumen,  globules,  and  salta  to 
pass  whenever  the  circulation  through  the  kidueys  is  increased ; 
U,  at  the  same  time,  fat  is  present  in  the  blood,  or  chyle,  it 
escapes  also  into  the  urine.  A  short  time  after  rising  early  the 
urine  may  coagulate  spontaneously,  although  no  fat  is  present 
in  perceptible  quantity,  and  this  may  happen  before  any  food  is 

[takem  More  frequently,  however,  the  urine  coagulates  after 
food»  and  when  fatty  at  the  same  time.  The  albuminoid  sub- 
stance is  present  in  urine  containing  neither  fibrine,  nor  albu- 
men^ nor  globules,  nor  fat;  in  short,  in  urine  which,  without  the 

^test  of  tannic  acid,  would  have  the  chance  of  being  considered 
perfectly  normal 

The  progTums  of  these  cases  is  favoumble,  in  so  far  aa  the  dis- 
ease may  last  for  a  long  time  without  terminating  the  life  of  the 
patient     But  his  sufferings  are  great  and  variable. 

Hypothesis  regarding  the  Cause  of  Chylom  Urine, 

An  analysis  of  a  great  number  of  cases,  and  more  particiUariy  of 
the  best  observed  cases,  leads  to  the  conclusion  that  the  abnormal 
ingredients  of  the  chylous  urine  have  not  passed  from  the  blootl 
through  the  kidneys  together  with  the  other  normal  ingredients 
of  the  urine,  but  have  passed  from  some  part  of  the  lyn^phatic 
system  or  thoracic  duct>  through  an  anomalous  channel,  or  per- 
manent fistula,  to  the  pelvis  of  the  kidney,  to  the  ureter,  or  tlm 
bladder  (Citfter,  "Med.  Chir.  Trans.''  45,  189).  When  I  mixed 
fatty  serum  from  venous  blood  with  healthy  urine  in  certain 
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proportions,  I  obtained  a  liquid  which  could  not,  by  either 
aspect,  or  chemical  or  microscopic^]  analysis,  he  distinguished 
from  the  ordinary  chylous  urine  of  a  patient  whose  secretion  I 
had  an  opportunity  of  examining  for  many  months.  The  nature 
of  the  liquid  would  therefore  be  explained  perfectly  by  the 
existence  of  such  a  communication  between  the  carriers  of  lymph 
and  chyle  and  the  urinary  passages.  The  formation  of  the 
fistulous  communication  has  been  conjectured  to  be  possibly  the 
result  of  the  destructive  operation  of  some  parasite,  whose  seat 
by  choice  is  the  lymphatic  system  of  the  urinary  passages 
(Roberts).  This  hypothesis  seems  to  me  to  be  more  plausible 
than  any  other,  and  should  be  carefully  borne  in  mind  by  those 
who  may  hereafter  have  opportunities  for  anatomical  investi- 
gation. 

Fibrine,  the  Produce  of  Acute  Disease  of  the  Kidneys,  Coagulating 
aft€T  Excretioiu 
This  description  of  fibrine  is  essentially  a  symptom  of  acute 
desquamative  nephritis.  It  is  therefore  mostly  mixed  with  a 
little  bloodj  but  the  amount  of  fibrine  is  so  large  that  there  can 
be  no  question  as  to  its  being  due  to  exudation  and  not  to 
hfemorrhage, 

A  case  of  this  Idod  was  observed  by  VogeL  The  mine  of 
a  woman  labouring  under  Bright's  disease  was  found,  for  a 
length  of  time,  to  form  a  pale  pink-coloured  coagulum  of  fibrine 
at  the  bottom  of  the  vessel  regularly  a  few  hours  after  emission. 
The  coagulum  contained  numerous  pus  corpuscles  and  few  blood 
corpuscles ;  the  latter  being  so  scarce  that  the  blood  which  they 
represented  could  never  have  yielded  the  entire  amount  of 
fibrine. 

The  indicatiom  of  the  coagula  of  fibrine  hemg  the  produce  of 
well-marktd  acule  disease  of  the  kidneys  are  not  very  well  known, 
as  the  number  of  cases  of  this  kind  hitherto  observed  hais  been 
too  limited  to  admit  of  general  deductions^ 
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HISTORY   AND   LITERAnJEE. 

The  connection  of  certain  forras  of  dropsy  with  the  presence 
of  coagulable  albumen  in  the  urine,  and  of  the  latter  with 
kidney  disease,  was  first  pointed  out  by  Bright  (**Eeporta  of 
Medical  Cases,"  1827).  The  albumen  was  traced  to  the  blood, 
and  the  urine  containing  it  termed  "serous,"  The  fact  that 
iliiferent  descriptions  of  albuminous  substances  occur  in  urine  ia 
a  much  later  acquisition. 

Occurrence, 

Albumen  is  formed  in  plants,  and  introduced  into  the  animal 
economy  as  food ;  it  there  undergoes  certain  modihcations, 
serves  tlie  pur]:)08e8  of  the  economy,  growth  of  organs,  and 
production  of  power^  and  becomes  disintegrated,  leaving  the 
body  mostly  in  the  form  of  urea.  But  when  albumen,  as  such, 
is  discharged  in  the  urine,  this  is  a  sign  of  severe  disease  of  the 
blood  or  of  the  kidneys. 

Chemical  and  Physic^  Characters  o/AHmmen, 

Albumen  occurs  in  a  soluble  and  an  insoluble  modification. 
The  former  is  present  in  all  the  tiuids  of  animal  and 
vegetable  bodies,  and  may  be  transformed  into  the  latter  by 
boiling  with  water,  or  by  contact  with  absolute  alcohol,  acids,  or 
alkalies.  The  soluble  modiiication  may  be  obtained  in  a  solid  state 
by  evaporating  the  solution  at  a  temperature  not  exceeding 
50"^,  or  by  drying  in  vacuo  over  sulphuric  acid.  It  is  a  yellowish 
transparent  mass,  of  1*314  specific  gravity,  which  swells  up  with 
water,  and  after  a  time  dissolves.  It  has  an  alkaline  reaction, 
and  contains  about  5  per  cent,  of  free  alkali  and  salts,  which 
may  be  partly  removed  by  washing  with  water,  as  they  dissolve 
quicker  than  the  albumen  itself.  The  albumen  thus  freed  from 
dkalies  is  insoluble  in  pure  water. 

The  insoluble  modification  of  albumen  is  a  flaky  or  lumpy 
mass,  without  taste  or  smell,  insoluble  in  water,  alcohol,  and 
ether,  soluble  in  dilute  caustic  alkali  by  the  aid  of  a  gentle 
heat,  from  which  solution  it  may  be   precipitated  by  the  ad- 
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ditioo  of  an  acid  The  precipitate  is  changed  in  some  degree, 
having  lost  part  of  its  sulphur,  which  is  sometimes  evolved  in 
the  form  of  sulphuretted  hydrogen.  The  insoluble  modification 
is  abo  soluble  in  concentrated  acetic  acid  and  common  phos- 
phoric acid ;  and  in  these  solutions  a  precipitate  is  produced  by 
ferrocyanide  and  ferricyanide  of  potassium.  It  is  soluble  in  very 
dilute  mineral  acids^or  at  least  is  transformed  into  a  jelly4ike  maaa; 
the  addition  of  a  larger  amoi^pt  of  acid  to  these  solutions  produces 
a  precipitate.  Concentrated  hydrochloric  acid,  or  sulphuric  acid 
aomewhat  dilute,  or  a  mixture  of  concentrated  hydrochloric  acid 
and  some  sulphuric  acid»  diesolve  the  insoluble  modification  of 
albumen  formed  by  the  aid  of  beat,  and  decomposes  it.  When 
this  solution  is  boOed,  and  the  air  has  free  access  to  it,  it  be- 
comes indigo  blue,  or  of  a  violet  colour,  which  soon  changes 
into  brown,  CoucentTated  nitric  acid  imparts  a  deep  yellow 
colour  to  solid  albumen,  when  the  mixture  is  gently  wormed. 
A  solution  of  mercurous  and  mercuric  nitrite  and  nitrate,  which 
is  made  by  dissolving  one  part  of  mercury  in  two  parts  of  nitric 
acid,  containingj4  J  molecules  of  water,  and  having  a  specific  gravity 
of  141,  imparts  a  saturated  red  colour  to  albumen  in  the  solid  or 
dissolved  state,  when  the  mixture  is  warmed  to  near  bofling. 
The  colour  is  not  removed  by  the  influence  of  the  air,  or  by  pro- 
tracted boiling.  This  is  a  very  delicate  test  for  albumen.  But  it 
is  not  applicable  to  the  urine,  as  four  diflerent  precipitates  are 
formed  in  it  by  this  mercurial  solution ;  one  of  the  suboxyde 
with  chlorine  (calomel),  one  of  the  oxyde  with  urea,  one  of  the 
albumen  %vith  the  free  nitric  acid  of  the  mercurial  solution,  and 
one  with  the  colouring  matter. 

These  precipitates  obscure  the  red  colour  so  much  that  fre- 
quently only  a  fawn  or  pale  red  colour  remains,  and  that  only 
when  the  coft^lated  albumen  is  transferred  into  a  second  quantity 
of  mercurial  solution. 

A  solution  of  iodine  in  hydriodic  acid,  or  in  iodide  of  potas- 
iium,  imparts  a  brownish-yellow  colour  to  albumen.  ^\Tien 
mixed  with  strong  sulphuric  acid  and  a  solution  of  sugar, 
albumen  yields  a  solution  which  is  red  at  first,  and  afterwards 
assumes  a  violet  colour. 

When  dry  albumen  is  heated,  it  begins  to  melt  at  higher 
temperatures,  and  is  decomposed,  the  mass  swelUng  up,  charnng, 
and  evolving  an  odour  of  burnt  hora  When  subject  to  de- 
atnictivQ  distillation,  or  allowed  to  putrify,  albumen  yields  a 
variety  of  substances,  among  which  formic,  acetic,  and  other 
fatty  acids,  and  benzoic  acid,  may  be  mentioned.  Two  crystal- 
lised substances  of  pathological  significance  are  also  obtained^ — 
li^ucine  and  tyrosine. 

When  a  solution  of  albumen  is  precipitated  with  basic  acetate 
of  lead,  the  precipitate  washed  and  suspended  in  water,  and 
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carbonic  acid  is  now  passed  through  the  mixture,  the  albumen 
is  redissolved  together  with  a  little  lead,  which  may  be  removed 
by  sulphuretted  hydrogen.  The  filtered  solution,  on  evaporation 
at  a  temperature  not  exceeding  50''  C,  leaves  solid  soluble  albu- 
men,  which  is  free  from  mineral  conatitueuts,  and  has  an  acid 
reaction  when  dissolved,  as  it  contains  some  acetic  acid. 

When  the  temperature  of  a  solution  of  albumen  in  water  is 
raised  to  00°  C,  it  begins  to  get  tnrbid  in  the  upper  strata,  and 
on  the  temperature  being  raised  to  75'*  C,  the  albumen 
coagulates  in  large  flakes,  which  become  more  compact  the 
higher  the  temperature  is  raised,  or  the  longer  the  boiling  is  pro- 
tracted. The  more  dilute  a  solution  of  albumen  is,  the  higher 
is  the  temperature  which  it  requires  for  coagulation.  The  free 
alkali,  which  is  in  combination  with  the  albumen,  requires  to  be 
neutralised  before  boiling  by  means  of  acetic  acid,  otherwise  a 
part  of  the  albumen  will  remain  in  solution,  unaffected  by  any 
temperature.  The  addition  of  alkali  to  a  solution  of  albumen 
may  prevent  its  coagulation  by  heat. 

During  the  coagulation  of  albumen  from  the  egg,  an  evolu- 
tion of  sulphui^tted  hydrogen  takes  place.  This  is  not  the  case 
when  albumen  from  the  blood  is  coagiilafced. 

Solutions  of  albumen  are  precipitated  by  the  addition  of 
alcohol  J  strong  spirit  of  wine  transforms  the  albumen  into  the 
insoluble  modi£cation ;  dilute  spirit  of  wine,  however,  precipitates 
it  without  change.  Creosote,  aniline,  and  other  products  of  de- 
structive  distillation,  coagulate  albumen.  Most  mineral  acids 
precipitate  solutions  of  albmnen,  (The  tribasic  phosphoric  acid 
is  an  exception  to  this  rule.)  The  precipitate  contains  the  acid 
employed  in  combmation  with  coagnlat^  albumen.  This  preci- 
pitate is  soluble  in  a  large  excess  of  water,  so  that  if  we  attempt 
to  free  it  from  the  acid  by  wasting  with  water  it  is  almost  en- 
tirely dissolved-  Most  organic  acids — ^for  example,  acetic  acid^ — 
do  not  precipitate  albumen.  A  solution  of  albumen,  however, 
slightly  acidulated  with  acetic  acid,  and  then  diluted  with  a 
lai^e  bulk  of  water,  or  mixed  with  a  concentrated  solution  of 
chloride  of  sodium,  yields  a  precipitate  of  albumen.  When 
gently  warmed  with  an  alkali,  the  soluble  modification  is  trans- 
formed into  the  insoluble  one,  but  remains  dissolved  in  the 
alkali,  from  which  it  may  be  precipitated  by  acetic  acid.  Most 
salts  of  the  oxydes  of  the  heavy  metals  yield  precipitates  with 
solutions  of  albumen.  The  precipitation  by  corrosive  sublimate 
may  be  mentioned  as  useful ;  when  sublimate  does  not  produce 
any  precipitate  in  urine,  in  which  we  have  to  determine  urea  by 
means  of  the  mercurial  solution,  we  may  be  sure  that  no  albu- 
men is  present  likely  to  interfere  with  thecorrectnessof  theanalysis. 

A  solution  of  albumen  causes  a  turning  of  the  plane  of 
polarisation  towards  the  left. 
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difcioQ  of  an  acid  The  precipitate  is  changed  in  some  d^reej 
having  lost  part  of  its  sulphur,  which  is  sometimes  evolved  in 
the  form  of  sulphuretted  hydrogen.  The  insoluble  modification 
is  alflo  soluble  in  concentrated  acetic  acid  and  common  phos- 
phoric acid ;  and  in  these  solutions  a  precipitate  is  produced  by 
ferrocyanide  and  ferricyanide  of  potassium.  It  is  soluble  in  very 
dUuU  mineral  acids,  or  at  least  is  transformed  into  a  jelly-like  mass; 
the  addition  of  a  larger  amoi^at  of  acid  to  these  solutions  produces 
a  precipitate.  Concentrated  hydrochloric  acid,  or  sulphuric  acid 
somewhat  dilute,  or  a  mixture  of  concentrated  hydrochloric  acid 
and  some  sulphuric  acid,  dissolve  the  insoluble  modification  of 
albumen  formed  by  the  aid  of  heat,  and  decomposes  it.  When 
this  solution  is  boiled,  and  the  air  has  free  access  to  it,  it  be- 
comes indigo  blue,  or  of  a  violet  colour,  which  soon  changes 
into  brown.  Concentrated  nitric  acid  imparts  a  deep  yellow 
colour  to  solid  albumen,  when  the  mixture  is  gently  warmed. 
A  solution  of  mercurous  and  mercuric  nitrite  and  nitrate,  which 
is  made  by  dissolving  one  part  of  mercury  in  two  parts  of  nitric 
acid,  containingJ44  molecules  of  water,  and  having  a  specific  gravity 
of  1'41,  imparts  a  saturated  red  colour  to  albumen  in  the  solid  or 
dissolved  state,  when  the  mixture  is  warmed  to  near  boOing. 
The  colour  is  not  removed  by  the  influence  of  the  air,  or  by  pro- 
tracted boiling.  This  is  a  very  deliciite  test  for  albumen.  But  it 
is  not  applicable  to  the  urine,  as  four  different  precipitates  are 
formed  in  it  by  this  mercurial  solution ;  one  of  the  auboxyde 
with  chlorine  (calomel),  one  of  the  oxyde  with  urea,  one  of  the 
albumen  with  the  free  nitric  acid  of  the  mercurial  solution,  and 
one  with  the  colouring  matter. 

These  precipitates  obscure  the  red  colour  so  much  that  fre- 
quently only  a  fawn  or  pale  red  coloui*  remains,  and  that  only 
when  the  coagulated  albumen  is  transferred  into  a  second  quantity 
of  mercurial  solution. 

A  solution  of  iodine  m  hydriocUc  acid,  or  in  iodide  of  potas- 
sium, imparts  a  brownish-yellow  colour  to  albumen.  When 
mixed  with  strong  sulphuric  acid  and  a  solution  of  sugar, 
albumen  yields  a  solution  which  is  red  at  first,  and  afterwards 
assumes  a  violet  colour. 

When  dry  albumen  is  heated,  it  begins  to  melt  at  higher 
temperatures,  and  is  decomposed,  the  mass  swelling  up,  chaning, 
and  evolving  an  odour  of  burnt  bom.  When  subject  to  de- 
structive distillation,  or  allowed  t^  putrify,  albumen  yields  a 
variety  of  substtinces,  among  which  formic,  acetic,  and  other 
fatty  acids,  and  benzoic  acid,  may  be  mentioned.  Two  crystal- 
lised substances  of  pathological  significanoe  are  also  obtained — 
leucine  and  tyrosine. 

When  a  solution  of  albumen  is  precipitated  with  basic  acetate 
of  lead,  the  precipitate  washed  and  suspended  in  water,  and 
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carbonic  acid  is  now  passed  throngb  the  mixture,  the  albumen 
is  rediasolved  together  with  a  little  lead,  which  may  be  removed 
by  sulphuretted  hydrogen.  The  filtered  solution,  on  evaporation 
at  a  temperature  not  exceeding  50''  C,  leaves  solid  soluble  albu- 
men, which  ia  free  from  mineral  constituents,  and  has  an  acid 
reaction  when  dissolved,  as  it  contains  some  acetic  acid. 

When  the  temperature  of  a  solution  of  albumen  in  water  ia 
raised  to  60^  C,  it  begins  to  get  turbid  in  the  upper  strata,  and 
on  the  temperature  being  raised  to  75°  C,  the  albumen 
coftgidates  in  large  flakes,  which  become  more  compact  the 
higher  the  temperature  is  raised,  or  the  longer  the  boiling  is  pro- 
tracted. The  more  ddnte  a  solution  of  albumen  is,  the  higher 
is  the  temperature  which  it  req^uires  for  coagulation.  The  free 
alkah,  which  is  in  combination  with  the  albumen,  requires  to  be 
neutralised  before  boiling  by  means  of  acetic  acid,  otherwise  a 
part  of  the  albnmen  will  remain  in  solution,  unaffected  by  any 
temperature*  The  addition  of  alkali  to  a  solution  of  albumen 
may  prevent  its  coagulation  by  heat. 

During  the  coagulation  of  albumen  from  the  egg,  an  evolu- 
tion of  sulphuretted  hydrogen  takes  place.  This  is  not  the  case 
when  albumen  from  the  blood  is  coagulated. 

Solutions  of  albumen  are  precipitated  by  the  addition  of 
alcohol ;  strong  spirit  of  wine  transforms  the  albumen  into  the 
insoluble  modification ;  dilute  spirit  of  wine,  however,  precipitates 
it  without  change.  Creosote,  anihne,  and  other  products  of  de- 
structive distiUation,  coagulate  albumeiL  Most  mineral  acids 
precipitate  solutions  of  albumen.  (The  tribasic  phosphoric  acid 
is  an  exception  to  this  rule,)  The  precipitate  contains  the  add 
employed  in  combmation  with  coagidated  albumen.  This  preci- 
pitate is  soluble  in  a  large  excess  of  water,  so  that  if  we  attempt 
to  free  it  from  the  acid  by  washing  with  water  it  is  almost  en- 
tirely dissolved.  Moat  organic  acids — for  example,  acetic  acid — 
do  not  precipitate  albumen.  A  solution  of  albumen,  however, 
slightly  acidulated  with  acetic  acid,  and  then  dduted  with  a 
large  bulk  of  water,  or  mixed  with  a  concentrated  solution  of 
chloride  of  sodium,  yields  a  precipitate  of  albumen.  When 
gently  warmed  with  an  alkali,  the  soluble  modification  is  trans- 
formed into  the  insoluble  one,  but  remains  dissolved  in  the 
alkali,  from  which  it  may  be  precipitated  by  acetic  acid.  Most 
saltd  of  the  oxydes  of  the  heavy  metals  yield  precipitates  with 
solutions  of  albumen-  The  precipitation  by  corrosive  sublimate 
may  be  mentioned  as  useful ;  when  sublimate  does  not  produce 
any  precipitate  in  urine,  in  which  we  have  to  determine  urea  by 
means  of  the  mercurial  solution,  we  may  be  sure  that  no  albu- 
men is  present  hkely  to  interfere  with  the  correctness  of  the  analysis. 

A  solution  of  albumen  causes  a  turning  of  the  plane  of 
polarisation  towards  the  left 
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The  albumen  of  the  blood  Ls  not  precipitated  by  dilute  8td- 

Ehuric  acid,  yields  no  eulphuretted  hydrogen  on  coagulatioii  by 
cat,  and  contains  less  sulphur  than  the  albumen  of  eggs.  In 
all  other  respects  both  deacriptions  of  albumen  are  pretty  nearly 
identicaL 

The  composition  of  albumen,  as  it  occurs  in  the  blood,  is  very 
similar  to  that  of  white  of  eggs. 


WJiita  of  Eggs. 

Albumen  from 

Carbon 

.  53-4 

630 

Hydrogen 

.    70 

71 

Nitrogen 

.  15-6 

15-6 

Oxygen 

.  22-4 

231 

Sulphur 

.    1-6 

12 

1000 
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Cfimiical  Formula/or  Albumtn. 

According  to  the  quantity  of  sulphur,  white  of  eggs  may  con- 
tain more  than  45,  and  albumen  of  blood  more  than  55  atoms  of 
carbon.  Notwithstanding  this,  the  chemical  characters  of  both 
descriptions  of  albumen  are  so  much  alikei  that  it  is  difficult  to 
distinguish  tliem  by  chemical  tests.  Lieberkuhn  attributed  to 
both  the  formula  C^^H^gN^jO^iS. 

Diagnosis  of  Albumen  in  Urine, 

Cmg%ilation  hy  Hmt — Care  being  taken  that  the  urine  have  a 
slightly  acid  reaction,  natumlly  or  by  the  aid  of  some  acid,  as 
acetic  acid,  the  albumen  will  coagulate  at  a  temperature  of  from 

r»(r"  to  imf  c, 

A  precijiitate  of  earthy  phospliates  cannot  be  mistaken  for 
one  of  albumen,  because  it  is  soluble  in  a  drop  of  almost  any 
acid  ;  because  it  never  forms  into  flakes,  as  the  albumen  does,  on 
protracted  heating  or  ebullition ;  and  because  it  redissolves  on 
cooling,  when  formed  under  the  influence  of  heat 

There  is  this  caution  to  be  observed — that  an  excess  of  any 
acid  beyond  the  amount  necessar}^  for  neutralising  the  free  alkali 
of  the  albumen,  will,  on  boiling,  or  without  it  in  very  dilute  aolvr 
tiom  of  alhutncn,  keep  a  certidn  proportion  of  it  in  solution,  just 
as  the  precipitate  of  albumen  and  nitiic  acid  dissolves  in  an  ex- 
cess of  water,  A  slight  turbidity  from  albumen,  produced  by 
boiling,  may  thei-efore  disappear  on  the  addition  of  a  drop  of 
toetic  acid.  This  test  seems  to  have  been  considered  as  the  re- 
action uf  11  !  i  albumen,  but  it  is  probably  only  the  reaction 
of  a  very  di  umen. 

If  the  urine  is  alkaliue,  and  the  amount  of  albumen  contained 
in  it  is  small,  it  will  not  be  coagulated  by  boiling.     If  the 
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amount  of  albumen  be  larger,  a  part  corresponding  to  the  amount 
of  free  alkali  wQl  be  kept  in  solution. 

Nitric  Acid  Tmt. — The  addition  of  nitric  acid  to  albuminous 
urine  causes  a  white  pn^cipitate  of  a  compound  of  nitric  acid  and 
albumen.  This  test,  if  used  with  certain  prccautionB,  ia  ex* 
tremely  delicate  and  handy,  A  small  conical  glass  is  filled 
to  two-thirds  of  its  height  with  urine,  and  some  nitric  acid  is 
then  allowed  to  tiow  along  the  wall  of  the  glass  towards  the 
bottom,  where  it  collects.  It  mixes  with  some  urine,  and  forms 
a  clear  reddish,  mostly  dark  stratum  of  fluid.  If  albumen  is 
present,  there  will  be,  lying  immediately  on  the  acid,  a  turbid 
layer  of  a  precipitate,  so  strongly  distinguished  both  from  the 
acid  and  the  supernatant  urine  that  it  cannot  easUy  be  over- 
looked. When  the  amount  of  albumen  is  very  small,  the  preci- 
pitate sometimes  appears  only  after  a  few^  minutes,  or  becomes 
more  distinct ;  but  after  standing  longer,  it  diffuses  in  the  fluid. 
But  in  moat  cases  it  appears  readily  and  distinctly. 

The  addition  of  nitric  acid  to  some  descriptions  of  urine  may 
cause  a  precipitate  of  uric  acid*  In  the  few  cases  in  which  I 
have  met  with  this  precipitate  (cases  of  scarlet  fever  during  the 
acme),  it  consisted  of  the  hydrate  of  uric  acid,  as,  on  heating,  the 
urine  became  speedily  clear,  and  now  was  full  of  uric  acid  crj^s- 
tals.  Under  the  microscope  the  precipitate  w^as  amorphous, 
transparent,  in  jelly-like  masses,  wduch  when  left  to  themselves 
quickly  agglomerated  into  crystalline  forms.  This  precipitate  in 
every  respect  corresponds  to  that  obtained  by  throwing  a  solu- 
tion of  urate  of  sodium  into  hydrochloric  acid  of  the  ordinary 
temperature.  When  the  hydrochloric  acid  is  previously  inade 
hot,  the  uric  acid  obtained  is  not  jelly-like  and  hydraied,  but 
crystallised,  and  with  only  two  molecules  of  wate  .  In  corre- 
spoudence  %vith  these  facts,  the  urine  gave  no  precipitate  of  fawn- 
coloured  hydrate  of  uric  acid  with  nitric  acid,  when  it  w^as 
heated  before  the  addition  of  the  acid,  and  the  crystals  formed 
quickly  in  a  clear  fluid  It  is  very  improbable  that  urates  should 
be  precipitated  fi-om  their  solution  in  urine  by  nitric  acid.  But 
whether  this  precipitate  be  made  up  of  urates, as  Heller  believes, 
or  of  uric  acid  as  in  the  alwve-mentioned  cases,  not  only  the 
characters  described  by  me,  but  also  some  described  by  Heller, 
readily  distinguish  it  from  albumen.  For  the  precipitate  resting 
on  the  clear  layer  of  acid,  when  made  up  of  uric  acid  or  urates, 
diffuses  in  cloudy  streaks  through  the  entire  stratum  of  super- 
natant urine,  which  the  precipitate  of  albumen  never  does.  And 
if  in  one  and  the  same  urine  both  albumen  and  uric  acid  are  pre- 
cipitated by  nitric  acid  in  the  manner  described,  then  the  layers 
of  the  mixture  are  so  arranged  that  upon  the  lowest  clear  layer 
of  acid  the  layer  of  albumen  follows ;  upon  this  there  is  another 
layer  of  clear  urine;  and  uppermost  floats  a  stratum  of  urine 
which  ia  turbid  from  clouds  of  uric  acid  (or  urates). 
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Okromk  Acid  7W.— Wbin  m  null  crjwittil  of  chnmie  add  k 
filaeed  in  m  liUle  normal  mine,  it  di«filTea  witlHMii  podnetns 
aaf  pmipilate.  Bat  when  the  orino  ii  albvniiiKiui,  we  ^ymi  ' 
prodticea  a  cloudy  precipilaie  on  ita  enterii^  the  fliud,  and  after 
ita  eomptele  solution  all  albtunen  k  pncipitated  in  da^  reddish* 
Imown  flakcai 

Temmm  ia  alao  a  w&j  good  teat  for  albumen  in  vetr  email 
quantitj.  The  wateiy  aoliition  of  the  purest  ciyatalliaed  tannin 
abonJd  be  naed,  and  he  prefaced  fresh  for  each  testiag.  Healthy 
mine  doet  not  reaot  with  tannin ;  albominoaa  mine  gives  a  pre^ 
cipitate  with  it. 

Senator  (Virchow'g  "Archiv."  60  (1874)  476),  haa  examined 
the  albumioous  suhatances  in  caaea  of  acute  and  chronio 
nephritis,  and  come  to  the  following  lesults : — 

In  every  urine  which  contains  ooagulable  albumen,  these  is 
besides  semm  albumen,  always  (para^lobuline ;  this  latter  ia 
not  pfoportionate  in  quantity  to  the  total  albumen,  but  varies 
according  to  the  particular  nature  of  the  disease,  moat  paiaglo* 
buline  being  apparently  present  in  cases  of  amyloid  degeneration 
of  the  kidney.  Heynjsius  (Pfltiger's  "  Aichiv/'  9,  526)  has  ob- 
jected  to  these  determinations,  that  the  paraglobuline  was  pre* 
cipitated  from  acid  or  alkaline  tmne,  whereas  all  ought  to  have 
been  made  slightly  alkaline  before  dilution  with  water  and 
treatment  with  carbonic  acid«  The  albuminous  urine  does  not 
seem  to  contain  alkali  albuminate,  or  any  albuminous  body» 
which,  after  removal  of  paraglobuline,  can  be  precipitated 
by  acetic  acid.  Peptone  is  present  in  every  albuminous  urine, 
and,  according  to  Gerhardt  ("  Deutsch.  Archiv,  Klin,  Med,"  5, 
212),  may  be  present  in  urine  containing  no  coagulable  albumen. 
Meiasner  and  Suhbotin  {"  Zeitschr.  Eation*  Med."  8,  282,  and  33, 
64)  maintain  that  this  alleged  peptone  is  produced  from  the  albu- 
men of  the  urine.  The  rest  of  Senator's  paper  contains  speculations 
as  to  the  pariicukr  parts  of  the  kidneys  in  which  the  different 
albuminous  matters  may  be  supposed  to  leave  the  blood  and 
enter  the  excretion.  For  the  disease  expressed  in  the  large,  pale, 
fatty  kidney,  he  believes  this  place  to  be  the  Malpighian 
^jlomerulus ;  in  venous  congestion  from  obstruction,  however,  the 
interstitial  (looped)  vessels ;  in  other  renal  affections  both  co- 
operate. 

Made  of  Iktermimng  the  Qmntity  of  Albumen  in  Urine. 

It  is  sometimes  useful  to  know  the  quantities  of  albumen 

wliich  a  patient  loses  with  his  urine.     The  amount  of  lesion  in 

the  blood  and  kidneys  may  be  approximately  determined  by  this 

analysis,  when  all  other  symptoms  are  taken  into  consideration. 

A  measured  quantity  of  filtered  urine— 50  ex.  when  much, 

<i,Q.  when  little  albumen  is  present — are  most  carefully 
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neutralised  or  slightly  acidulated  by  means  of  dilute  acetic  acii 
They  are  then  put  into  a  0ask,  placed  in  a  water-bath,  and  the 
water  is  kept  boiling  for  some  minutea,  until  the  thermometer, 
when  placed  in  the  flask,  indicates  that  the  temperature  of  the 
urine  has  risen  to  above  90°.  When  the  urine  has  contained 
little  albumen,  the  flask  may  be  taken  out  of  the  water-bath,  and 
placed  over  the  free  fire,  and  the  urine  heated  to  ebullition.  The 
coagula  are  then  collected  on  a  filter  of  knowu  weight,  washed, 
and  dried,  first  in  the  water-bath,  afterwards  in  the  air-bath,  until 
no  further  loss  of  weight  takes  place.  The  amount  of  dry  albu- 
men thus  found,  when  multiplied  by  the  total  amount  of  urine 
discharged  in  a  given  time,  and  compared  with  the  known 
amount  of  albumen  in  the  serum  of  the  blood,  gives  us  the  key 
to  the  pathological  deductions  as  to  the  nature  and  amount  of 
the  lesion,  of  which  the  exudation  of  albumen  is  a  Bymptom. 

Pathohxfiml  Indicaiians, 

Living  out  of  consideration  all  cases  where  the  urine  is  albu- 
minous from  the  presence  of  blood,  pus,  or,  perhaps,  though 
rarely,  from  an  admixture  of  semen,  the  presence  of  albuTnen  in 
tlu  urine  imlicate^  a  patlwlogital  condition  of  the  kidneys,  of  a 
temporary,  chronic,  or  permanent  nature.  The  most  elementary 
condition  coming  under  this  head  is  that  of  stasis  of  the  blood  in 
the  capillaiy  vessels,  commonly  called  congestion.  We  know, 
from  experiments  on  animals,  that  compression  or  ligature  of  the 
renal  veins  causes  albumen  to  appear  in  the  urine.  We  know 
that  paralysis  of  the  vascular  and  other  nerves  of  the  kidneys, 
which  enter  with  the  artery,  by  temporary  constriction  of  the 
artery,  or  by  complete  division,  a  tube  being  inserted  to  keep  up 
the  circulation,  has  the  same  eflect.  We  know,  moreover,  that 
a  vitiated  condition  of  the  blood  will  make  it  unfit  vo  pass  the 
capillary  vessels,  and  thus  produce  stasis  in  the  kidneys.  It  is 
very  proWble  that  this  is  the  mode  of  action  of  most  diuretics, 
such  as  cantharides,  turpentine,  digitalis,  and  others,  by  which, 
indeed,  albumen  and  blood  may  be  made  to  appear  in  the  urine ; 
and  this  ia  also  the  most  probable  explanation  of  the  way  in 
which  the  specific  poisons  of  scarlatina  and  allied  diseases,  and 
of  typhus,  gout,  and  rheumatism  affect  the  kidneys»  In  all  these 
diseases,  or  in  certain  steles  thereof  albumen  in  the  urine  is  of 
more  or  less  common  occurrence.  We  are  acquainted  with  some 
other  morbid  conditions  of  the  blood,  artificitd,  or  the  conse- 
quences of  disease,  not  being  due  to  the  introduction  of  a  poison, 
which  cause  stasis  in  the  kidneys  and  albumen  in  the  urine. 
Thus  the  injection  of  large  quantities  of  water  into  the  blood,  or 
a  watery  condition  of  the  blood  in  the  course  of  disease,  with 
diminution  of  the  albumen  of  the  blood,  known  by  the  name  of 
hydrieraia  and  hypalbuminosis,  will  cause  albumen  to  appear  in 
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hekm  isbt  ongm  of  Hie  mial  «kteriee»  the  appeariDoe 

li  dmt  te  imanrnmi  proewni  of  the  blood  in  the 

ieB»  or  to  Ihe  viiwIiJ  oottfitioii  of  the  blood,  or  to 

!fw,  tiie  immediate  canee  of  the 

«f  aBflBHB  Ifcn^A  tie  Utem  k  iiicreaaed  pressure 

if  As  MMri  in  Ifce  liil|igMM  bodiei^  whm/tij  these  bodies 
■nMtMiii  aaMMsfc  irf  albiimea  to  pass  Enough 
Ike  fsesHne  beeoBKs  greater,  niptuie  of  the 

B  the  noB  is  of  Teiy  variable 
;  to  lito  HiaBB  erf  tka  disease  in  the  course 
It  is  mott  tnmwmm  m  those  disesaes  which 
in  the  An,ntiBthwMj  of  the  IddneTs  com- 
prised «iidsr  the  naae  of  B^^g^sdismsi!,  bat  which  more  lately 
hmn  beeii  apptiyiisldly  dssiSRed  aeoordtng  to  their  anatomical 
and  lynploiBaDe  nslmea  The  appearsBne  of  albtimen,  when 
^  to  my  of  thesslesinsMi,  fa  always  Qttalifiedty  other  gymptoms, 
'    *    the  aiifieaiaBcie  of  the  filraKiaB  csats  descnb^  in  a 

la  the  oornie  of  some  diseaias  albiEmesi  may  appear  in  the 
itrtne  for  a  tio^  day»  or  for  seveial,  or  for  mai^  days ;  and  may 
disi^pear  witbout  leading  to  anatomieal  leskms  of  the  kidBeys. 
Thus  in  typhus  albummi  Ji  not  unfreonentty  found,  partictilarly 
daring  tbe  acme,  f  Iiavs  observed  albumen  in  the  urine  ftom 
acute  ossss  of  rliininiaiiflm.  A  drl,  aged  15  years,  was  affected  by 
violent  vlwunnitiv.  f«iv(*r,  On  the  worat  day  of  the  iUneas,  when 
most  Jojuls  of  tlio  linitiff  iKigao  to  sweJl,  she  only  diacfaarged 
60  c,c.  of  urlfni  In  (twenty -four  hours,  which  was  dark  red,  and 
highly  alhjmitioui,  wJth(Htt  b1f>od  or  caata.  I  have  found  albu- 
mm  in  i<itn*ral  ciuh^m  r^f  ru;ulij  and  chronic  rheumatism ;  in  the 
latter  tmrticulnrly  wIm  n  an  acute  attiu-k  was  threatening.  In  a 
OAIO  01  hy|iertro|4jy  uf  the  lioart  I  found  albumen  in  ficaoty 
urtiii« ;  nrid  tli«m^  hising  no  evidfmee  of  organic  lesion  of  the  kid- 
ney n,  tlu)  criMii  wiiji  nuccensfnlly  treated  by  diuretics. 

AHutinfui  in  tho  iiriiii^  of  fiuticiilK  lalxHinng  under  an  acute 
nttfick  (if  gout  irt  iiIho  roinfiifui.  AHnimeu  in  the  urine  of  gouty 
iitid  riu^iiiiiutic  patJunU  HcoriiN  to  indicate  that  the  disease,  should 
it  VH^romo  of  a  rhronir  nnturi\  hiin  a  tendency  to  produce  those 
morbid  eniiditions  of  the  kidneys  known  as  chronic  desquamative 
disoase,  chronic  purulent  disease,  wasting  and  fatty  kidney,  in 
the  course  of  which  the  epithelium  of  the  tubuli  disappears,  or 
d^genemtes  fatty,  or  granular,  as  evidenced  by  the  appearance  of 
hyaloid,  fatty  or  granular  fibrinous  casts. 
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According  to  Max  Huppert  (Virchow's  "  Archiv."  59,  367), 
every  fully  developed  or  abortive  epileptic  attack  is  immediately 
followed  by  a  transitory  appearance  of  albumen  in  the  urine. 
The  more  pronounced  the  convulsion,  the  greater  Ib  the  amount 
of  albumen.  The  quantity  of  albumen  also  stands  in  a  direct 
proportion  to  the  duration  of  the  disease,  and  the  general  fre- 
quency of  the  attacks. 


CHAPTEE    XXXVIIL 

CASTS  OF  UErNlFEHOUS  TUBULES. 


DrmODUCTIOH. 

Casts  of  the  Bellinian  tubules  may  be  divided  into  several 
claaae^,  according  to  the  material  of  which  they  are  made,  and 
according  to  the  condition  of  the  tubes  in  which  they  are  formed. 
We  thus  distinguish  fibrinous  casts,  and  casta  the  material  of 
which  is  a  fibrinoid  aubstanoe  insoluble  in  acetic  acid.  These 
are  to  be  described  in  the  present  chapter,  while  blood  casts  will 
be  described  under  the  chapter  discussing  the  anatomical 
elements  of  blood,  and  pus  casts  tinder  the  chapter  relating  to 
pus. 

Wliile  the  fibrine,  or  colloid  matter,  which  in  the  course  of 
certain  diseases  of  the  kidneys  exudes  through  the  walls  of  the 
Malpighian  bodies,  coagulates  in  the  urinary  tubules,  it  assumes 
the  shape  of  these  tubules  and  forms  cast.  We  have  to  dis- 
tinguish several  descriptions  of  casts,  according  to  the  degree  of 
the  disorder  which  causes  their  formation,  and  according  to  the 
condition  in  which  the  fibrine  or  colloid  matter  finds  the  tubule 
on  being  effused  into  it.  The  simplest  case  is,  that  fibrine  is 
efliised  into  the  tubule,  there  coagulates,  separates  from  the 
epithelial  walls  by  a  slight  contraction,  and  is  expelled  in  the 
form  of  a  homogeneous  hyaloid  cast  of  small  diameter.  But 
when  the  epithelium  of  the  tubules  manifests  a  tendency  to 
separate  from  its  basement  membrane,  and  fibrine  is  exuded 
into  the  cavity  of  the  tubules,  the  latter  closely  imbeds  the 
epithelial  cells  into  its  substance,  and,  on  subsequent  contraction 
taking  place,  the  cast  of  mixed  fibrine  and  epithelium  thus 
formed,  is  narrow  enough  to  be  removed  through  thi  channel  of 
the  tubule,  and  is  found  in  the  urine  as  a  cast  of  the  diameter  of 
the  urinary  tubules,  or  of  medium  diameter.  When  the  fibrine 
or  colloid  matter  effused  into  the  tubules  finds  an  epithelium, 
which  in  consequence  of  former  or  chronic  disease  is  imperfectly 
constituted,  granular  or  fatty,  a  granular  or  latty  cast  of  medium 
diameter  is  formed.  But  when  there  is  no  epithelium  left  in  the 
urinary  tubule,  when  the  basement  membrane  is  for  the  greater 
part  or  wholly  bare,   then  the  plastic  matter  forms  a  homo- 
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geneouB  hyaloid  cast  of  considerable  diameter^  containiDg  little  or 
DO  granular  matter 

Casts  of  Snmll  BiaTneier, 

Intrahihdar  Casts. — These  transparent  cylinders,  by  their  small 
diameter  and  complete  absence  of  epithelium,  manifest  themselves 
to  be  formed  within  the  lumen  of  the  epithelium  of  the  tubuli. 
wMch  does  not  desquamate  during  the  formation  of  the  casta. 
The  diameter  of  the  casts,  litte  more  or  less  than  yi^^*^!*  ^^  ^^ 
inch,  corresponds  to  the  lumen  of  the  canal,  which  is  left  in  the 
axis  of  an  ordinary  tubule. 

Their  smooth  and  glistening  surface  is  very  cliaracteristic. 
They  may  be  so  pale  and  destitute  of  shadows  that  they  are 
entirely  overlooked  in  a  strong  light.  They  become  much  more 
distinct  when  the  light  reflected  through  the  microscope  is 
moderated  by  means  of  the  diaphragm. 

Casts  of  Medium  Diameter,     jljfth  of  an  inch, 

Epithdial  Casts. — ^The  fibrine  which  has  been  exuded  by  the 
Maipighiaa  bodies  has  coagulated  in  the  tubules,  and  entangled 
in  its  substance  more  or  less  of  the  epithelium  of  the  tubules, 
and  other  substances  accidentally  present  in  their  canals,  such 
as  blood  corpuscles,  and  crystals  of  several  substances,  t.g., 
oxalate  of  lime.  Some  free  epithelium,  in  pieces  or  single  cells, 
is  always  mixed  with  these  casts,  as  the  tendency  of  the  epi- 
theUum  to  desquamate  is  evidently  a  feature  not  dependent  upon 
the  efiusion  of  fibrine.  It  is,  however,  doubtful  whether  the 
desquamation  of  the  epithehum  in  tubular  masses  does  take 
p  tplace  without  the  effusion  of  fibrine  into  its  centml  canal  I 
\  have  never  seen  casta  consisting  of  the  epithehum  oidy  ;  and  in 
deposits  where  such  casts,  very  similar  to  the  tubular  pieces  of 
epithehum  obtained  by  scraping  from  the  cut  surface  of  aTiealthy 
kidney,  were  present  in  abundance,  I  always  discovered  a  larj^G 
number  of  casts,  consisting  clearly  of  fibrine,  with  only  a  few 
epithelial  cells  embedded.  By  this  observation  I  will  by  no 
means  deny  that  casts  consisting  of  the  epithelium  only  may 
occur,  aa  has  been  asserted  by  other  observers. 

Some  autbors  have  met  with  casts  of  medium  diameter,  con- 
taining well-formed  dumb-bell  crj^stals  of  oxalate  of  calcium,  in 
the  urine  of  patients  suffering  from  cholera.  In  the  same  speci- 
mens also,  octahedra  of  oxalate  were  present,  but  these  latter 
were  not  entangled  in  the  casta 

Granular  Casts, — When  the  epithelium  of  the  urinary  tubule 
has  been  destroyed  by  chronic  disease,  it  assumes  the  form  of 
granular  matter,  and  as  such  is  entangled  with  the  matter  de- 
posited in  the  tubes. 
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CAsis  0f  gmmmwH  itJBciJB> 


Thm  depofiil  is  ahrqrB  acfwinnMBiBJ  by  gmiilAr  miiUer  not  in 
like  fonn  A  CMto;  so  tlisi  there  &bo  the  qoastion  anses,  whether 
the  degenecaled  q^thplitira  is  dea^wmatfri  withoot  the  aid  of 
cylioden.  This  csn  oolj  he  deeided  hj  kog  and  careful  ohser- 
tstioo.  It  eaaaot,  hovever,  be  dmbted  thefc  the  effuaed  matter 
mdmkJij  mmis  in  fMidUy  veaumng  desnnamslfiH  epttheliom, 
hj  the  coiilzaGtiiin  which  it  undergoes  soon  afler  cxnguktion ;  a 
prooQBS  hy  which  the  epitheliimiy  lAeo  oitan^ed,  is  completely 
sefiaiBted  from  the  lixnitaiy  membnuie,  and  the  east  m  enabled 
lo  pees  the  tnbole,  pressed  onwards  by  the  oontinned  secretion 
sad  exudation  from  the  Malpighian  bodies,  and  peihaps  by  some 
oontnotile  srt^iaD  of  the  matrix  of  the  Iddiiey. 

CagU  ecntaminff  Faity  MaUer, — ^These  casts  *are  of  different 
diameters,  but  mom  generally  of  the  mediom  diameler.  They 
are  formed  in  tubules,  the  epithelium  of  which  is  in  a  state  of 
fatty  degeoeratiofL  The  casts  may  be  hj^alold,  with  only  a  few 
oil'globulea  imbedded  in  their  substance ;  or  they  may  entangle 
some  epithelial  cells,  filled  with  oil,  showing  that  the  bt  is 
formed  in  the  iuterior  of  the  epithelial  cells;  or  the  Git  may  be 
present  in  large  quaatities.    Free  fatty  cells  are  always  preseoi 

Catis  of  Considerabk  Diameter,     j\^ih  of  0$^  itieh. 

The  diameter  of  these  casta  is  nearly  equal  to  that  of  the 
nrinaiy  tubules  in  which  they  have  been  formed  They  are 
mostly  perfectly  transparent,  hyaloid,  of  a  glistening  aspect,  re- 
sembling in  appearance  the  surface  of  wax  as  it  cools  after  having 
been  melted.  They  rarely  include  much  granular  matter  in  their 
substance,  owing  to  the  very  cause  of  theii*  large  size  being  the 
total  absence  of  epithelium  from  the  limitaiy  membrane  in  which 
they  are  moulded.  When  granular,  however,  in  one  part,  and 
hyaloid  in  the  other,  they  are,  perhaps,  not  always  of  the  largest 
size.  Sometimes  they  may  contain  a  few  epithelial  cells.  Beale 
has  observed  and  figured  casts  of  considerable  diameter,  which 
were  composed  of  a  material  in  the  interior  differing  from  that 
which  formed  the  rind  of  the  casts.  With  l^ese  large 
casta  the  sediment  mostly  contains  granular  casts  of  medium 
diameter,  and  granular  dJbria  of  degenerated  epithelium  of  the 
tubules. 

Pathological  IndiceUions  of  Casta  of  Uriniferous  TvJmUs. 

Thepreaerice  in  tfu  urine  of  intralwtndar  hyaloid  casts  indieatss 
a  ckrtmic  disease  of  the  kidneys,  termed  fumrdesquamative  nsj^ritiSf 
which  is  caused  by  a  vitiated  condition  of  the  blood  As  the 
expulsion  from  the  organism  of  poisons  causing  this  and  similar 
diseases  of  the  kidneys  is  mostly  effected  by  a  process,  in  which 
desquamation  of  the  epithelium  of  the  urinary  tubules  plays  an 
important  part,  the  fact  of  the  epithelium  not  being  cast  off  is  an 
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unfa%^onral>le  symptom,  indicating  the  retention  of  the  poison  in 
the  blood.  These  casts,  therefore,  where  they  form  the  entire 
bulk  or  greater  part  of  a  urinary  deposit,  must  excite  serious 
apprehension  for  tlie  ultimate  welfare  of  the  patient. 

The  prmence  in  ifis  urine  of  cinthclial  casts  is  a  sympimft  of  a 
disease  of  the  kidneys,  ctiuuicd  hj  the  entrafice  into  the  blood  of  a 
mm*hid  ffubstance,  or  a  poimn.  Of  poisons,  caniharides  and  tur- 
pentine, of  diseases,  scarlatina  and  cholem  are  illustrations.  The 
appearance  of  casts  in  the  urine  in  such  cases  is  not  a  very  un- 
favourable symptom  in  itself,  particularly  when  it  is  only  of  short 
duration.  But  when  the  epithelial  casts  become  mijxed  with 
much  blood  or  pus,  or  when  the  desquamation  has  a  tendency  to 
become  of  a  chronic  nature,  from  the  causes  continuing  to  in- 
fluence it»  then  it  becomes  an  unfavourable  symptom  in  proportion 
to  its  duration. 

Th£  granular  casts  are  indicative  of  chronic  desqtimnative 
n^hritis,  and  of  degenerated  condition  of  the  epithelium  of  the 
urinary  tubules.  These  casts  and  the  casts  containing  fatty 
matter  are  fret|uently  found  in  gouty  subjects,  and  then  give  rise 
to  an  unfavourable  prognosis.  The  prognosis  is  better  in  cases 
where  the  chronic  desquamative  nephritis  is  the  sequel  of  the 
acute  progress. 

The  casts  containing  fat  or  fatty  epitkcliurn  are  most  frequently 
the  sequel  of  non-desquamative  disease  of  the  kidneys,  and 
f  indicate  the  presence  of  fatty  degeneration  of  the  kidneys  in  the 
so-called  granular  form. 

The  ca^ts  of  considtrnhle  diameter  may  occur  in  all  diseases  of 
the  kidiui/s,  mid  may  therefore  aecofnpany  all  other  east^*  The 
presence  of  these  casts  is  under  all  circumstances  evidence  that 
there  are  Bellinian  tubules  totally  deprived  of  their  epithelium. 
Their  importance  as  a  pathological  indication  is  therefore  in  a 
great  measure  dependent  upon  the  nature  of  the  affection,  in  the 
course  of  which  they  have  been  deposited. 

The  casts  of  the  uriniferous  tubules  were  subjected  to  micro- 
chemical  examination  by  Eovida  (Moleschott's  **  Unters.  z. 
Naturlehre  dea  Menschen,"  11  (1872),  1).  He  found  some 
soluble  in  acetic  acid,  some  soluble  in  the  urine  at  62  to  80",  and 
others  insoluble  under  these  conditions*  From  this  he  concludes 
that  they  are  not  fibrine,  but  an  albuminoid  substance ;  in  a 
Bubsefiiuent  communication  ('*  Eendiconti  d'Istit  Lombard*  di 
Scienc.  e  Let/*  Feb  8,  1872)  he  doubts  whether  they  might  not 
be  an  acid  albumen  become  solid.  The  statements  are  so  diffuse 
and  contradictory  that  it  is  difficult  to  extract  anything  definite 
from  them  for  practical  use. 
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These  aie  very  little  known,  but  seem  to  be  identical  for  the 
difTereni  descriptioDs  enameraled  What  we  call  Cut  and  oil  are 
most  firohahlv  mix  tores  of  different  proportions  of  oleic  and  mar- 
garic  glyceride.  The  fat,  which  is  fluid  at  the  oidinaiy  tempera- 
tare  of  the  ftir,  is  in  all  probability  the  oleina 

Fai  and  oil  are  mAvhU  in  ether,  and  are  deposited  nnchanged 
when  the  ether  is  evaporated;  but  when  they  are  surrounded 
by  cell-membmnes^  or  albuminous  husks,  ether  may  fail  to  take 
Dp  the  whole  of  the  fat.  It  then  becomes  necessary «  not  only  to 
ehake  tbe  unne  with  some  ether,  but  to  evaporate  it  to  dryness,  ^ 
to  boil  the  i-esidue  with  some  alcohol  and  acetic  acid,  to  evapo- 
rate ag^n,  and  then  to  extract  the  residue  with  ether.     Even 
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this  extract  may  be  impure  from  some  hippuric  acid,  which  is  to 
be  removed  by  alcohol  or  water, 

Kletziiisky  found  in  the  urine  of  persons  labouring  under 
BrighVs  disease  the  followiun;  quantities  of  fat  in  ItKIU  parts  of 
urine  :— 0^24.  0-28,  0'35,  037,  0-38,  1"27  parts.  The  quantities 
of  fatty  matters  found  in  various  descriptions  of  chylous  mine  are 
stated  under  the  chapter  referring  to  thatsuhstance. 

Pathological  Indications. 

Fat  in  coagulating  or  albuminous  urine,  when  causing  a  mUky 
appearance,  is  a  feature  of  chylous  urine.  When  occurring  in 
drops,  granules,  and  cells,  it  is  an  indication  of  fatty  degeneration 
of  the  kidneys,  particularly  when  the  cells  or  gi-auules  occur  in 
fibrinous  casts  of  the  tuhuli 

CJiemical  Properties  a^  Urostcaliih. 

A  fragmert  of  a  calculus  placed  on  platinum  foil,  and  heated, 
remains  solid  at  first,  then  begins  to  fuse  and  swell  up,  and  gives 
off  a  pungent  odour,  resembling  that  of  shellaek  and  benzoine. 
The  substance  next  takes  fire,  and  burns  with  a  clear  yellow 
flame ;  a  voluminous  charcoal  ultimately  remains,  which,  when 
thorougMy  burned,  leaves  a  small  amount  of  ash,  principally  lime. 

When  boiled  in  water,  urostealith  becomes  soft,  but  does  not  dis- 
Bolve,  It  dissolves  with  difficulty  in  warm  alcohol,  easily  in  ether, 
and  on  evaporation  is  again  obtained  in  an  amorphous  condition. 
If  kept  at  a  gentle  heat  for  some  time,  it  assumes  a  violet  colour. 
It  readily  dissolves  in  a  hot  solution  of  caustic  potassa  forming 
a  brown  soap,  which  by  treatment  with  an  acid  again  separates 
into  urostealith,  and  the  sal t  of  the  acid.  When  heated  with  nitric 
acid,  it  yields  a  colourless  solution,  a  slight  quantity  of  gas  being 
CYolved,  If  this  solution  is  evaporated,  the  residue,  when  treated 
with  ammonia  or  potash,  assumes  a  dark  yellow  colour. 

It  is  not  clear  whether  urostealith  is  a  resin  or  a  fat  Its 
elementary  composition  is  entirely  unknown. 

A  young  man,  set.  24,  was  admitted  into  the  Cxeneral  Hospital 
at  Vienna,  suffering  from  the  symptoms  which  usually  attend 
the  presence  of  c^mcretions  in  the  urinary  organs.  There  was 
pain  in  the  region  of  the  left  kidney.  On  examination,  a 
calculus  was  discovered  to  be  present  in  the  bladder.  During 
several  days  he  passed  some  concretions  not  larger  than  hemp- 
seeds  ;  on  a  subsequent  occasion,  the  connretions  had  a  bloody 
surface ;  sometimes  he  passed  small  coagula  of  blood,  at  others 
crystals  of  triple  phosphate.  After  the  nature  of  the  calculus 
bad  been  made  probable  by  the  analysis  of  the  concretions,  which 
consisted  of  urostealith,  the  patient  was  treated  with  carbonate 
of  sodium,  w^hen  urostealith  was  found  dissolved  in  the  urine; 
and  the  phosphatic  crusts  of  the  cnlculus  were  passed  by  the 
urethra,  in  a  broken-up  condition. 
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MTJCUS. 


CHEMICAL  CHARACTERS, 

SohtETiMES  it  is  possible  to  obtain  pure  mucus  by  filtretion, 
free  from  epithelial  elements ;  it  is  then  a  glass-like  mass,  almost 
invisible  under  the  microscope.  It  does  not  coagulate  by  heat, 
bat  by  the  addition  of  alcohol.  The  precipitate  is  soluble  in 
water.  Acetic  acid  precipitates  flaky  masses,  not  soluble  in  an 
ezceaa  of  acid.  Mineral  acids  give  precipitates,  easily  soluble  in 
an  excess  of  acii  I  have  frequently  used  hydrochloric  acid  for 
liquefying  tough  mucus,  and  making  it  fit  to  pass  a  filter. 
Gallic  acid  and  basic  acetate  of  lea*l  precipitate  the  solutions  of 
mucus ;  neutral  acetate  of  lead,  alum,  and  corrosive  sublimate 
cause  a  turbidity. 

The  analysis  of  mucus  jields  the  following  result: — 


Carbon 

.     521 

Hydrogen 

.      70 

Nitrogen 

.     12-5 

Oxygen 

.     28-4 

100*0 

Physical  Charaeiers, 

Mucus  is  tough  and  ropy  j  when  urine  in  which  it  is  contained 
is  filtet-ed,  it  remains  on  the  filter,  rarely  passing  through  it 
After  drying,  it  forms  a  glistening  membrane,  like  the  mucus  on 
the  track  of  snails.  Its  diagnosis  is  always  ensm^ed  by  the  num- 
ber of  epithelial  ceUa  embedded  in  its  substance.  But  should 
there  be  any  doubt  whether  there  be  any  mucus  in  a  microscopic 
specimen  or  not,  the  addition  of  a  little  dilute  tincture  of  iodine 
will,  by  ite  precipitating  and  colouring  effect  upon  the  mucus, 
readily  decide  the  question.  The  admixture  of  spermatic  fila- 
ments, oxalate  of  calcium  and  triple  phosphate  crystals,  phos- 
phate of  calcium,  urate  of  ammonium,  and  tubular  casta  may  be 
ascertained  by  the  microscope  and  the  respective  tests. 
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This  depends  maicly  on  the  nature  of  the  urine  passing 
throogh  the  bladder*  Gonceotrated  urine  causes  the  exudation 
of  more  mucus  from  the  hiadder  ;  dilute  urine,  when  not  altered 
otherwise,  has  no  such  effect.  The  largest  quantity  of  mucus 
seems  to  be  secreted  daring  the  night,  perhaps  owing  to  the  con- 
centrated nature  of  the  night  urine,  or  to  the  irritating  influence 
of  its  longer  retention. 

The  normal  amount  of  mucus  cannot  be  expressed  in  figures. 
It  is  best  to  accustom  the  eye  to  an  estimate  by  frequent  inspec- 
tion in  transmitted  light  of  urine  in  glass  vessels.  Any  excess 
at  all  important  will  then  easily  be  perceived  by  the  increased 
bulk  of  the  cloud. 

Ex^^ss  of  Mu€us, 

This  may  be  caused  by  pathological  conditions  of  the  urine, 
particularly  alkalinity  from  decomposed  urea,  A  large  quantity 
of  free  acid  may  have  a  similar  efiect.  Thus,  the  strongly  acid 
urine,  which  is  voided  by  a  person  on  the  morning  after  the 
night  on  which  larger  doses  of  benzoic  acid  were  taken,  exhibits 
a  mucous  cloud  double  the  size  of  that  voided  under  ordinary 
circumstances. 

The  Paikological  Indicaimis 

of  an  excess  of  mucus  must  depend  upon  the  causes  which  pro- 
duce it.  As  such,  we  may  mention  all  conditions  which  are 
characterised  by  irritation  of  the  urinary  organs.  Pathological 
conditions  of  the  urine,  the  presence  of  foreign  bodies  and  con- 
cretions in  the  bladder,  idiopathic  diseases  of  the  bladder  and  its 
appendages — all  these,  and  some  others,  may  be  indicated  in 
part  by  an  increased  amount  of  mucus  in  the  urine. 

When  the  characteristic  symptoms  of  other  defined  diseases 
are  absent,  and  the  secretions  of  an  excess  of  mucus  from  the 
bladder  is  the  only  characteristic  symptom,  then  it  is  termed 
biennorrhcea  of  the  bladder,  or  cystorrhcea.  The  pathological 
conditions  of  the  mucous  membrane  giving  rise  to  this  excessive 
secretion  are  probably  not  always  fdike;  but  they  are  mostly 
those  of  catarrh  or  chronic  inflamation,  and  of  venous  engorg- 
ment,  from  enlarged  vesical  veins. 


CHAPTER    XLi 

PUS. 


PHYSICAL  APPEAKANCK. 

YilE  diagnosis  of  pus  in  urine  rests  upon  the  presence  of  pus- 
corpuscles,  to  be  ascertained  by  the  microscope,  and  upon  the 
tests  for  albnmen,  as  the  presence  of  pus  invariably  makes  the 
urine  albuminous. 

When  pus  is  present  in  orJinary  acid  urine,  even  in  small 
tjuantitie^.  it  alvs^ays  forms  a  deposit,  the  corpuscles  subsiding 
towards  the  bottom  of  the  vessel,  while  the  albuminous  liquor 
remains  dissolved  in  the  tinid.  The  deposit  is  easily  diHused  by 
agitation,  but  soon  settles,  first  like  a  cloud  in  the  lower  strata, 
of  the  urine,  afterwards  again  to  the  Ix^ttom  of  the  ve 
When  pus  is  present  in  larger  quantities  it  forms  clouds  in  the^ 
lower  strata  of  the  urine. 

Ptts  Corpuscles 

These  bodies  are  nucleated  cells,  and  do  not  differ  in  structure 
and  reaction  from  the  white  cells  of  the  blood  or  lymph  corpus- 
cles. In  shape  they  are  more  or  less  globular,  and  hence  are 
called  pus  globules.  Ttieir  diameter  varies  between  itVo^^  ^^^ 
r^jfjfih  of  an  inch.  The  nucleus,  single  or  compound,  is  alwaya* 
present,  and  if  not  \isible  at  once,  may  be  made  so  by  chemical 
agents.  The  outlines  of  many  corpuscles  are  only  faintly  visible, 
better  in  a  dull  light  than  when  illuminated  too  strongly.  Many 
corpuscles  have  a  granulated  appearance,  from  matter  deposited 
in  the  interior  of  the  cell 

When  brought  into  contact  with  water,  the  coipuscles  swe 
up  and  become  pale ;   and  the  outline  is  rendered  indistinctil 
The  granular  appearance  mostly  disappears,  but  the  nuclei  and] 
nucleoli  become  visible  or  more  distinct     Acetic  acid  and  dilute ' 
mineral  acids  cause  the  corpuscles  to  become  pale  and  swell  up, 
and  the  cell  membrane  frequently  bursts  under  their  iniluence, 
or  disappears  altogether.     The  nuclei  are  then  set  free,  and  ex* 
hibit  their  variable  size,  shape,  and  composition. 

WTien  pus  globules  are  jntroduced  into  a  concentrated  solution 
of  any  neutral  salt  of  the  alkalies,  such  as  sulphate  of  soda,  the 
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endo-  and  exosmotic  changes  cause  the  globules  to  collapse ;  to 
assume  irregular,  star-like  angular  appearances ;  and  to  become 
granular,  so  as  to  appear  as  if  covered  with  granules.  The 
nucleus,  under  this  treatment,  mostly  disappears  in  part  or 
altogether.  Similar  changes  are  produced  by  these  solutions  on 
corpuscles  which  have  been  previously  treated  with  acetic  acid 
or  water.  When  the  nuclei  have  been  made  invisible  by  solu- 
tions of  salt,  the  addition  of  acetic  acid  will  not  always  after- 
wards make  them  visible  again. 

When  treated  with  caustic  altalies,  the  pus  globules  are  dis- 
integrated, almost  entirely  destroyed,  and  on  the  addition  of 
water  are  dissolved  almost  entirely,  merely  leaving  a  small  gela- 
tinous residue,  in  which  some  light  and  dark  points  are  to  be 
distinguished.  If  a  deposit  of  pus  from  urine  is  agitated  with 
ao  equal  quantity  of  liquor  potai^sre,  it  forms  a  dense  translucent, 
gelatinous,  or  mucous  mass,  often  so  solid  that  the  tube  in  which 
the  reaction  has  been  performed  can  be  inverted  without  any 
escaping.  Similar  changea  are  induced  by  the  carbonate  of  am- 
monia, formed  from  urea  during  the  decomposition  of  urine. 
The  deposit  of  pus  then  becomes  viscid,  and  so  veiy  much  re- 
sembles mucus  that  it  is  not  rarely  mistaken  for  it.  The  globules 
disappear,  being  transfurmed  into  a  gelatinous  mass.  The  addi- 
tion of  acetic  acid  to  this  viscid  urine  will  convert  the  mucous 
mass  into  a  white  granular  deposit. 

Urine  containing  pus  is  mostly  slightly  alkaline,  and,  as  I  have 
already  stated,  always  albuminous,  WTien  the  quantity  of  pus  is 
very  small,  the  albumen  may  escape  detection,  and  the  corpuscles 
being  found  as  a  sediment  may  induce  the  belief  that  pus  might 
be  present  without  albumen.  The  addition  of  a  little  chromic 
acid  will  always  make  the  slightest  traces  of  albumen  visible. 

PaiJwlmjical  Indications. 

I  The  presence  of  pus  in  the  urine  indicates  suppuration  in  some 
part  of  the  urinary  organs  or  adjoining  regions.  But  the  diag- 
nosis of  the  seat  of  that  suppuiution  is  in  practice  frequently 
surrounded  with  great  difficulty.  The  principal  pathological 
conditions  which  may  give  rise  to  the  appearance  of  pus  in  the 
urine  are  the  foUo\ving: — 
Purulent  DUeam  of  tlu  Kidnuys^ — Suppurative  Nephritis, — 
This  disease  is  sometimes  the  sequel  of  non-desqu amative  or 
desquamative  nephritis,  and  then  begins  wuth  the  appearance  of 
intra-epithelial,  smidl,  or  large  intra^  membranous  fibrinous  casts, 
containing  pus  corpuscles.  But  when  the  limitant  membrane  of 
the  tubuli  becomes  destroyed,  the  pua  no  longer  assumes  the 
shape  of  casts,  but  is  simply  mixed  with  the  urine.  In  this 
manner  one  or  both  kidneys  may  be  destroyed.  When  no 
history  of  the  case  is  known,  and  no  purulent  caste  are  found, 
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iboae  caaeo  sometimes  remain  obscure  for  a  period  If  the  dis^ 
charge  of  pus  in  albuminous  urine  continues  regularly  for  a 
length  of  time,  even  without  local  or  general  symptoins,  almost 
certainly  purulent  nephritis  exista. 

InJIamwation  of  the  mm(m$  membrane  of  the  pdvis  of  the 
kidney,  or  pydiiis^  in  consequence  of  retention  of  urine  ttoxa 
various  causes,  as  taught  by  aurgeiy,  may  cause  pus  to  appear. 
in  the  urine.  The  presence  of  eoncietions  in  the  pelves" 
and  calyces  may  have  the  same  effect  The  relative  symp- 
toms ensure  the  appearance  of  pus  to  be  assigned  to  its  proper 
cause. 

When  the  pus  comes  from  the  urtttrs,  its  formation  is  mostly 
accompanied  by  pain  along  the  course  of  these  organs. 

In  the  bladder  pus  may  form  under  various  drcumstanoes. 
Many  diseases  of  the  kidneys  cause  by  the  altered  quality  of 
the  urine  irritation  of  the  bladder,  and  an  increased  discbaige  of 
mucus.  Tliere  is  no  difference  between  mucus  and  pus  cor- 
puscles, if  considered  singly ;  it  is  therefore  natural  that  the  line 
where  mucus  ends  and  pus  bej^ius  is  not  very  distinct,  at  least 
to  our  present  means  of  diagnosis.  The  distinction  ia  of  no 
great  importance  if  the  locality  of  the  formation  is  kno^m  to  be 
the  bladder ;  which  it  is  easy  to  know,  as  local  symptoms  are 
scarcely  ever  absent  when  the  bladder  is  the  seat  of  even  super- 
ficial and  secondary  in-itation.  Catarrh  of  the  bladder,  in  con- 
sequence of  alkaline  urine  and  its  various  causes  as  enumerated 
under  that  head»  is  one  of  the  conditions  to  be  mentioned.  It 
often  accompanies  stone  in  the  bladder,  and  is  a  frequejit  con- 
sequence of  lithotrity. 

The  pus  may  have  its  origin  in  the  ureth-a,  as  in  gon- 
orrhoea and  its  frequent  sequel,  stricture.  In  these  caseSp 
particularly  those  of  the  former  class,  pus  may  alvrays  be 
obtained  from  the  urethra  without  the  atimixture  of  urine. 

In  females  the  urine  may  have  an  admixture  of  pus  from  the 
vagina  or  the  utertL'i. 

Absccsse^^  which  sometimes  form  in  the  pelvis,  the  sub- 
peritoneal cellular  tissue,  in  consequence  of  puerperal  fever, 
or  other  lesions,  such  as  gun-shot  wounds,  may  open  into  any 
part  of  the  urinary  passages,  I  have  observed  several  cases 
where  a  pelvic  abscess  discharged  itself  entirely  by  way  of  the 
bladder. 

When  an  abscess  has  become  encased,  w^ithout  opening,  the 
pus  corpuscles  undergo  fatty  degeneration.  We  then  find  the 
cells  larger,  transparent,  and  filled  with  numerous  fat  granules. 
The  membranes  are  soon  destroyed,  and  we  see  the  few  granular 
cells  left  over  embedded  ijit<j  a  mass  of  albumen  and  granular 
fat,  from  broken-up  cells.  When  this  description  of  pus,  which 
has  the  colour,  consistence,  and  odour  of  cream,  is  mixed  with 
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the  urine,  it  gives  it  a  perfectly  milky  appearance.  This  admix- 
ture of  pus,  which  may  occur  in  the  course  of  certain  forms  of 
punilent  nephritis  (as  in  the  case  described  by  me  in  the 
"  Association  Medical  Journal"  for  April  26,  1856),  must  not  be 
mistaken  for  chylous  urine.  Another  mistake  here  to  be 
referred  to  is  that  of  Lehmann,  who  interprets  all  cases  of  chylous 
urine  as  purulent  urine  metamorphosed  by  alkalinity. 

It  is  of  importance  to  observe  the  particular  shape  of  the 
pus  corpuscles.  Quite  normal  pus  corpuscles  of  a  perfectly 
circular  outline,  which,  after  treatment  with  acetic  acid, 
exhibit  the  characteristic  nucleus,  composed  mostly  of  two 
or  three  nucleoli,  admit  of  the  conclusion  that  the  disease 
giving  rise  to  their  formation  is  of  a  mild  form — ^a  simple 
catarrh  of  the  mucous  membrane.  But  when  the  pus  corpuscles 
are  irregular  in  form  and  outline,  and  on  treatment  with  acetic 
acid  show  an  irregular  nucleus,  or  an  indistinct  granular  mass 
in  their  interior,  or  when  such  corpuscles  are  mixed  with 
irregular  debris,  not  particularly  defined,  the  purulent  destruc- 
tion is  evident,  and  the  integrity  of  the  organ  where  this  forma- 
tion takes  place  is  in  great  danger,  or  lost  altogether.  Such  pus 
would  be  the  product  of  ulceration  and  tuberculosis. 


CHAPTER    XLII. 

THE  FEIiMENT  OF  UEEA  AND  URIKR 


mSTORY  AND   UTEraTUBE. 

The  decomposition  of  urea,  the  general  results  of  which  we  have 
aheady  considered  under  tlie  chapter  referring  to  the  reaction  ofj 
urine,  is  caused  by  a  ferment,  regarding  the  nature  of  which^ 
there  have  lately  takeu  phice  important  discussions.  Musculua 
(*'  Compt.  Eeud."  78,  1874)  prepared  a  paper  containing  the 
ferment  by  filtering  ammoniacal  urine,  washiug  the  filter  with 
water,  drying  and  dying  it  with  turmeric.  When  such  paper, 
even  after  two  years*  keeping,  is  dipped  into  a  solution  of  urea, 
and  then  exposed  to  the  air,  it  begins  to  get  brown  after  a  few 
miuutes ;  the  colour  becomes  the  darker  the  more  m*ea  there 
was  in  the  solution.  The  change  of  coluur  is  caused  by  the  de- 
composition of  urea  to  carbonate  of  ammonia  which  colours  tur- 
meric brown.  Pasteur  (*' Memoir  on  Fermentation,"  1862)  had 
ascribed  the  fennentation  of  urine  to  the  action  nf  an  organised 
femient,  having  the  shape  of  oblong  grains  attached  to  each 
other  in  couples,  rarely  in  strings.  This  proposition  was  sup- 
ported by  Van  Tieghem,  who  also  rejected  the  hypothesis  of  the 
vesical  mucus  altered  b>^  air  being  the  cause  of  the  fermentation 
of  urea.  On  the  occasion  of  the  discussion  before  the  French 
Academy  of  a  note  by  Gosselin  and  Eobin  concerning  the 
dangers  of  alkaline  uriue  and  the  means  of  providing  against  it 
(January  1874}»  Pasteur  raised  the  question  whether  his  ferment 
cells  were  not  present  in  the  bladder  in  cases  of  cystorrhcea  with 
alkaline  urine.  He  then,  from  observations,  answered  this 
question  in  the  affirmative,  as  also  did  Gosselin  and  Kobin. 

After  the  publication  of  the  researches  of  Musculus,  Pasteur 
and  Joubert  set  about  to  test  these  observations  by  repetition, 
and  published  their  results  in  "  Compt.  Eend,"  83  (1876),  5. 
They  admit  as  completely  exact  the  principal  assertion  of 
Musculus  that  there  is  a  soluble  ferment  which  is  capable  of 
transforming  urea  into  ammonic  carbonate  at  the  ordinary  tem- 
peratura  But  they  maintain  with  Van  Tieghem,  that  every 
ammoniacal  urine  contains  the  microscopic  organisms  alluded  to 
above,  and  they  overcome  the  conflict  between  both  admissions 
by  the  hj^pothesis  of  theirs,  that  the  soluble  ferment  of  Musculua 
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19  produced  by  the  little  oi-ganised  particles  of  Pasteur.  They 
also  state  that  the  maximum  of  the  soluble  ferment  produced 
coincides  with  the  disappearance,  or,  as  they  term  it,  absence,  of 
urea  from  urinary  or  other  liquids,  in  which  the  organised  fer- 
ment lives  and  multiplies. 

Pasteur  and  Joubert  claim  that  this  is  the  first  example  of  an 
organised  autonomous  ferment,  which  can  be  cultivated  in  liquids 
proper  for  its  nutrition,  producing  during  its  development  a 
soluble  matter,  which  can  itself  produce  the  femientation  which 
is  also  the  action  of  the  organised  being.  They  have,  however, 
not  stated  how  the  action  of  the  organised  being  can  be  studied 
free  fixjiii  the  influence  of  interference  of  its  alleged  secretion  or 
product,  the  eoluble  ferment,  and  it  is  therefore  not  certain 
whether  the  soluble  ferment  is  not  always  and  alone  the  cause 
of  the  hydration  and  decomposition  of  the  urea. 

Mod4:  of  Obtaining  the  Isolated  Fcrvunt* 

The  best  material  is  the  thick  ropy  ammoniacal  urine  of  per- 
sona suftering  from  catarrh  of  the  bladder,  or  cystorrhcea.  Such 
urine  cannot  be  filtered,  as  the  ropy  mucus  contained  in  it  soon 
stops  up  all  the  pores  of  the  filter.  But  when  absolute  alcohol 
is  added  to  it,  the  mucus  is  coagulated  in  the  form  of  a  tough 
white  mass  resembling  fibrine.  The  precipitate  is  washed, 
dried,  and  powdered ;  it  constitutes  the  ferment  itself  (Mus- 
culus,  Pfliiger^s  *' Archiv/*  12  (1876).  214).  All  filters  which 
have  served  in  this  process,  and  to  which  a  trace  of  the  mucus 
adheres,  may  after  having  been  dyed  with  turmeriCi  be  used  as 
test-paper  for  urea.  Sucli  paiier  is  much  stronger  in  its  action 
than  that  obtained  by  simply  filtering  ordinary  ammoniacal 
urine  through  it. 

I  According  toMuscnlns  the  fermentative  action  belongs  to  the 
amorphous  mucus  exclusively,  and  not  to  any  ferment  cells, 
such  as  those  which  are  found  in  ordinary  anmioniacal  urine, 
and  to  the  action  of  which  the  fermentation  of  urine  is  ordinarily 
attributed.  For  no  such  cells  can  be  seen  in  the  coagulated 
mucus,  and,  further,  the  ferment  is  soluble  in  water,  and  can  be 
filtered  from  insoluble  formed  materials.  When  some  of  the 
ferment  is  placed  in  water  it  forms  a  turbid  liquid,  which  on 
being  placed  upon  a  filter,  passes  at  first  turbid,  but  after  some 
time  clear.  If  to  a  little  of  the  perfectly  clear  solution  a  small 
quantity  of  urea  is  added,  the  latter  ii  changed  very  quickly 
into  carbonate  of  ammonia. 


Characters  of  the  Fermmt 

The  clear  solution  obtained  as  just  described  contains  only  a 
very  small  amount  of  mutter,  but  this  has  all  the  characters  of 
mucus.    Alcohol  and  acetic  acid  produce  white  precipitates  in 
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the  solution.  Mercuric  nitrate  produces  a  precipitale,  whicL  on 
warming  assimiea  a  rest!  pink  colour,  Sodic  chloride  produces 
DO  change,  and  on  boiling  the  fluid  remains  clear.  The  precipi- 
tate obtained  by  alcohol  leaves  on  drying  a  brown  amorphous 
glistening  mass,  which  is  again  soluble  in  water,  particularly 
with  the  aid  of  a  little  sodic  chloride ;  in  this  state  it  still  acts 
very  energetically  upon  urea,  01 0  grm.  dissolved  in  50  ex.  of 
water  at  34°  to  40°  changes  0'20  grm.  of  urea  into  carbonate  of 
ammonia  in  less  than  an  hour.  The  precipitate,  however,  which 
is  obtained  by  acetic  acid,  has  lost  all  power  to  act  as  urea  fer- 
ment Acetic  acid  destroys  the  ferment  The  same  effect  is 
produced  by  a  variety  of  other  acids.  If  some  ferment  is  intro- 
duced into  water  containing  one  part  of  HCl  in  thousand,  and  if 
ten  minutes  after  the  mixing  the  solution  is  neuti-alised  with 
soda,  a  solution  is  obtained  which  has  not  the  slightest  effect 
upon  urea.  The  ferment  cannot  have  been  destroyed  by  the 
newly-formed  sodic  chloride ;  for  a  solution  of  ferment  in  a  solu- 
tion of  salt  containing  20  per  cent,  acts  like  a  solution  of  ferment 
in  pure  water.  Even  strong  ferment  paper,  when  immersed  for  ten  | 
minutes  in  water  containing  one  part  of  HCl  in  thousand  parts 
of  mixture,  and  then  washed  with  water  containing  alcohol,  has 
entirely  lost  all  fermentative  properties.  When  iimnersed  into 
one  HCl  in  three  thousand  of  water  the  ferment  is  only  partially 
destroyed.  Sulphuric,  nitric,  salicylic^  and  other  acids  act  in  a 
similar  manner. 

Heat  destroys  the  ferment  easily  when  it  is  moist,  when  dry 
already  at  S(f,  Putrefaction  also  destroys  it.  Dilute  alkalies 
arrest  the  action  of,  without  destroying  the  ferment  Five  per 
cent,  of  ammonia  in  any  liquid  stop  the  fermentation  entirely. 
After  neutmlisation  the  ferment  acts  again. 

Sodic  chloride  and  other  neutral  alkali  salts  havenoinfluenca 
Fheuol,  which  destroys  all  organised  ferments,  has  no  influence 
whatever  upon  the  urea  ferment.  Ferment  paper,  when  im-  < 
pregnated  with  pure  phenol,  and  then  washed  with  alcohol,  losea 
nothing  of  its  activity.  From  this  Musculus  concludes  that  the 
ferment  has  nothing  in  common  with  the  qrganised  ferments,  but 
resembles  the  soluble  chemical  ferments  like  diastase,  salivary 
and  pancreatic  ferment. 

The  urea  ferment  seems  to  exercise  its  action  on  urea  only ;  it 
is  without  eliect  upon  uric  and  hippnric  acid,  kreatine,  guani- 
dine,  dicyamidine,  acetamide,  and  oxamide. 

In  the  use  of  the  ferment  paper  care  has  to  be  taken  to  avoid 
the  presence  in  the  solutions  to  be  tested  of  calcium  and  mag- 
nesium salts,  which  effect  double  decomposition  with  ammonic 
carbonate,  and  prevent  the  action  of  the  latter  upon  the  tur- 
meric. Such  salts  may  be  removed  by  a  little  sodic  carbonate, 
and  the  neutralised  fluid  may  he  then  tested. 
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Mode  of  Determining  the  Urea  contained  in  Urine  Qiiantitatively, 
by  means  of  the  Intervention  of  the  Ferment, 

10*0  C.C.  of  urine  are  treated  with  a  little  sodic  carbonate, 
and  then  diluted  with  water  until  they  measure  100*  c.c.  The 
solution  is  coloured  by  litmus,  neutralised  accurately  by  a  dilute 
acid,  mixed  with  0*2  grm.  of  ferment  powder,  and  warmed  in  a 
water-bath  to  between  35**  and  40^  After  an  hour  the  urea  is 
completely  decomposed.  By  adding  a  solution  of  sulphuric  acid 
of  known  strength,  the  quantity  of  the  ammonia  formed  is  de- 
termined, and  from  this  the  quantity  of  urea  is  calculated. 


mAPTER  XLIIL 
CANCER  CELLS  AKD  TUBERCULAR  MATTER 


GENERAL  DESCRIPTION. 

TfiE  mucous  membrane  of  the  urinary  bladder  is  a  favourite  fteat 
of  a  certain  variety  of  mcdullar}%  and  perhaps,  in  some  instances, 
of  epithelial  cancer,  called  villous  cancer  by  Rokitausky  and  sub- 
sequent anatomists,  from  its  pecidiar  mode  of  growth  in  fine 
villous  processes,  which  make  it  resemble  the  surface  of 
a  chorion.  On  the  exterior  of  tliese  villi,  the  elements  of  a 
medullary  or  melanotic  caacer-juice  adhere  to  it,  consisting  of 
nucleated  cells  of  various  shajxjs,  which  form  a  soft,  or  a  more 
consistent  deposit,  and  are  often  present  in  such  quantity  that 
they  make  up  the  greater  part  of  the  morbid  mass  in  the  bladder, 
into  which  then  the  vegetations  seem  to  grow  (Paget,  "Sur- 
gical PathoL"  2,  513). 

The  cancerous  matter  appears  in  the  urine  in  small  lumps  of 
cells.  The  latter  may  be  large,  enclosing  secondary  ones ;  or 
they  may  have  thick  walls,  and  become  elongated  into  spindle- 
like  bodies.  The  urine  at  the  same  time  mostly  contains  blood 
end  coagula.  From  the^e  and  the  collateral  symptoms,  the 
diagnosis  of  this  disease  ofiers  no  difficulties. 

When,  however,  the  appearance  of  cancerous  matter  is  due 
to  cancer  of  the  kidneys,  it  is  frequently  difficult  to  form  a 
diagnosis. 

Of  tubercle,  and  oonaequent  phthisis,  of  the  kidneys,  I  saw  a 
remarkable  instance  some  years  ago.  It  was  there  secondary  to 
tuberculosis  of  the  lungs,  as  it  almost  always  is.  In  these  cases 
the  deposit  consists  of  tubercular  matter,  irregular  pus  cells, 
fragments  of  cells  and  their  nuclei,  granular  undefmable  matter, 
and,  more  rarely,  pieces  of  crystals  of  cholesterine. 

The  form  of  tuberculosis  which  most  frequently  gives  rise  to 
the  appeamnce  of  tubercular  matter  in  the  urine  is  that  which 
has  its  seat  in  the  mucous  membrane  of  the  nrinar>^  organs 
generally,  and  hence  proceeds  to  deeper  structures*  tubercles 
of  the  kidneys,  however,  may  primarily  form  in  the  cortical 
substance.  The  diagnosis  between  the  two  forms  is  not  aided  by 
the  microscopic  analysis  of  the  urinary  deposit. 
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There  are  several  cases  on  record,  iu  which  cystic  entozoa  have 
been  passed  by  the  urethra.  They  are  formed  mostly,  it  appears, 
in  the  kidneys ;  more  rarely  grown  iu  other  parts  of  or  adjacent 
to  the  urinary  organs. 

The  cysts  vary  in  size,  from  a  pin's  head  to  an  inch  in  diameter 
(fig.  2).  Tlieir  external  surface  has  a  semi-opaque  granular,  or 
smooth,  enamel-like  appearance.  In  shape  they  are  more  or 
less  globular ;  sometimes  flattened,  at  other  times  ver}^  irregu- 
larly formed  ;  sometimes,  particularly  the  large  ones,  shrunken ; 
as  if  they  had  lost  a  portion  of  their  fluid  contents.  They 
contain  a  fluid  and  some  gi'anular  matter,  in  which  latter 
fragments  of  echinococci  and  their  characteristic  booklets  may 
be  mostly  detected.  The  walls  of  the  cysts  are  made  up  of 
several  layers  of  structureless  membrane  ;  the  innermost 
covered  with  a  layer  of  granular  matter;  in  the  larger  cysts 
with  numerous  prismatic,  feather-shaped,  and  crossed  crystals 
of  triple  phosphate. 

The  echinococci  are  found  embedded  in  the  granular  matter  of 
the  inner  surface,  from  which  they  are  grown,  and  to  which  they 
sometimes  are  found  yet  to  be  attached  by  true  pedicles.  But 
as  the  cysts  met  with  in  the  urine  are  usually  very  old,  the  echino- 
cocci are  mostly  detached  from  their  basis,  and  partly  or  entirely 
disintegrated,  so  that  in  some  cases  neither  echinococci  nor 
booklets  can  be  detected  by  the  most  careful  examination. 
Thus,  in  the  case  reconied  by  Sieveking  ("The  Lancet,"  Sept  10, 
1853),  the  echinococci  had  become  disintegrated.  In  the  case 
related  by  Simon  ("  The  Lancet,"  Sept.  24,  1853),  the  cysts  were 
passed  entire,  and  contained  swarms  of  perfect  echinococci  in 
different  stages  of  gro\ii;h,  togetlier  with  innumemble  booklets  of 
parasites,  dead  and  decomposed  at  some  earlier  period.  In  the  case 
published  by  Barker  ("  Glasgow  Med.  Jour."  1856),  the  large  cysts 
contained  echinococci,  the  small  cysts  mostly  contained  none. 

The  echinococci  are  mostly  retracted,  more  rarely  stretched 
out  at  full  length. 
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The  wymj/^OMm  iaddesital  to  the  diielttiip  of  liie»  cftHm  hmm 
bera  cUmdf  deKtibed  bjr  all  obsenm.  WheD  Ihe  cjito  piiK 
emind  ffom  tlie  IddoejB,  there  wis  dull,  scUa^  pttm.  moeom- 
pmmd  wiib  ienfltttiofi  of  fnlneci  in  tlie  lo^  ofaitzveliiHi  ia  tka 
mraler,witli  Iftnffifwting  pain  aloi^  ill  comae,  an  iiiiinntMln 
MOM  of  relief  inciikol  upon  the  cp^  SBimg  its  wmj  into  llw 
Teiioel  c^riiy ;  lastly,  siiainiiig  attempts  to  miotitrKfce,  pain  along 
the  nmthra,  and  particularly  at  ita  terniinatioQ,  with  obstnutm 
to  the  flow  of  urine,  until  the  eoiiaBion  of  the  cjat  made  m  eodilBn 
end  to  the  di^treaaiug  appptoma 

In  the  caae  communicated  to  Barker  by  J.  J.  Evans,  the 
nrine  waa  maaue^  and  contained  flakes  of  memfanmi^  £r^giiieiiila 
of  qrsts.    Such  membranes  were  also  paaaed  in  dieveldng^a  caaei 

Ine  number  of  cysts  thus  passed  by  one  patient,  at  varioiia 
periodfi,  Htretchiog  over  many  years  (eight  in  the  case  of  Evans), 
may  be  extraordinary,  exceeding  hundreds  at  a  time,  and 
thousani^ls  in  tbe  aggregate  of  all  discharges. 

There  can  be  no  aif£;ulty  in  the  diagnosis  of  these  parasites  ; 
for,  evcu  if  the  echinococci  themselves  should  not  be  found  in 
the  cyst,  yet  the  peculiarity  of  the  latter,  in  being  composed  of 
structureless  layers  of  a  hyaline  or  opaque  substance,  the  produce 
of  tbe  ptintsite,  will  distinguish  it  from  all  membranous  matters 
that  may  by  any  chance  pass  by  the  urethra. 

For  dctiiils  of  cases  the  reader  may  consult  the  "  Med.  Times 
and  Ciazette  **  for  Feb,  17,  1855,  where  ten  cases  are  given, 

Develiypiiunt  ami  Propftgation  of  the  Twnia  and  Cysticercus, 

The  cysLicercus  lives  in  cattle  and  man ;  it  is  there  developed 
from  eggs  only  whiclj  proceed  from  the  ripe  taenia  echinococcus 
inhabiting  the  intestine  of  dogs.  The  cycle  of  life  of  this  ani- 
mal 18  therefore  completed  only  by  the  successive  infections  of 
three  animals.  A  dog  harbours  a  tienia,  and  this  parts  with  its 
last  joint  (proglottis),  containing  ripe  eggs,  or  departs  in  person 
from  the  intestine.  The  proglottis  (or  t^nia)  may  fall  to  the 
ground  entire  with  all  the  eggs  in  it,  or  the  eggs  may  be  laid  by 
the  proglottis  already  in  the  intestinal  canaJ,  and  leave  it  in 
separate  clusters  mixed  with  the  faeces.  These  eggs  are  now 
crtt^n  by  fmttle  or  man  with  their  respective  raw  or  uncooked,  or 
accidentally  admijced  with  cooked  food. 

Arrivc^d  in  tbe  intestine,  they  are  developed  into  embryos, 
whit;h  pfiuetrato  into  the  organs  of  the  abdominal  cavity  and  the 
chest,  and  are  there  developed  into  the  cystic  form  of  echino- 
cocci, niembrunons  bladders  containing  a  viscid  fluid.  These 
cysts  occur  singly,  or  in  numbei's,  amounting  sometimes,  in  cases 
which  have  survived  the  immigration  of  the  parasites  many 
years,  to  several  thousands.  The  multiplication  of  cysts  takes 
place  by  enclogenesis  in  this  manner,  that  a  primary  cyst  pro- 
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duces  in  its  interior  one  or  more  secoiidary  cysts,  wlijch  latter, 
in  their  turn,  may  produce  tertiary  cysts,  and  so  on.     The  exact 
mode  in  wliich  these  cysts  are  found,  and  their  relation  to  the 
heads  forming  in  the  interior  is  not  yet  determined.     When  the 
membranes  of  these  cysts  are  examined  particuhu-Iy  on  sections 
under  the  microscope,  they  are  seen  to  consist  of 
Bcveml  layers  of  varpng  thickness,  the  surface 
of  the  innermost  one,  that  ig  to  say,  the  free 
inner  surface  of  the  cyst  being  mostly  covered 
wth  granules  in  the  way  represented  in  the 
engraving  (fig.  3).     A  microscopic  scrutiny  of 
this  internal  surface  soon  shows  the  presence 
of  certain  layers  of  dark  matter,  matrices,  from 
which    proceed    streaks    of    lines,   imitating 
narrow  hut  long  folds,  wrinkles,  or  rugie.     In 
these  folds  there  probably  run  vessels  serving 
for  the  circulation  of  nutritive  and  the  removal 
of  effete  materials,  and  attached  to  their  free 
Buiface  by  means  of   stems,  resembling  fruit 
growing  on  the  branches  of  a  tree,  are  seen 
the  emljryos  of  the  future  taBuiiC,  appearing 
either  as  granular  buds  with  no  organisation, 
or  as  pear-shaped  bodies,  with  four  suckers, 
but  as  yet  no  booklets,  ultimately  the  embryos 
appear  as  oval  bodies  on  a  stem,  their  surface 
covered  with  chalk  corpuscles,  and  their  in- 
terior occupied  liy  an  involuted  head  with  four 
suckers,  a  proboscis  or  rostellum  and  two  rings 
of  minute  booklets,  these  latter  numbering  be- 
tween thirty  and  fifty  (fig.  o).    When  these  oval 
bodies  are  carefully  pressed,  the  neck  and  head 
can  be  everted,  and  the  animal  then  clearly 
shows  its  structure  as  the  embryo  of  the  tsenia 
represented  above  (fig,  4).    The  vascular  system 
consists  of  a  ring  round  the  rostellom,  above  the 
suckers,  from  which  four  longitudinal  vessels 
proceed  backwards,  of  these  two  and  two  unite 
just  before  the  stem,  and  two  main  vessels,  the 
future  lateral  canals  of  the  ttenia,  and  enter 
the  stem  and  pass  into  the  rug^  and  diffused 
vascular  system  of  the  cyst.      According  to 
some  observers  the  ecchinococci  on  the  rugie  are  always,  at  least 
during  the  early  stages  of  their  formation,  enclosed  in  a  sepamte 
small  cyst  or  hatching  capsule.      This  capsule  I  have  nevci* 
observed  in  human  or  animal  cysts,  but  it  is  not  therefore  neces- 
sary to  believe  that  it  does  not  exists  as  the  writers  who  describe 
it  also  admit  that  it  bursts  spontaneously  and  disappears  from 
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sight     Uii  a  number  of  echiuococci  embryos  I  have  observei! 

peculiar   outApnowths   iu   the  shape  of  watei-bludders.    Tliese 

bladders  were  situated  in  various 
piirts  of  the  cysticerci,  some 
showed  ouly  one,  others  two.  If 
not  produced  by  soaking  and  pres- 
sure, these  bladders  are  probably 
pathological  appendages  of  the  ani* 
mals.  The  echinococci  of  hunian 
beings  most  frequently  go  with 
them  to  their  graves,  or  if  they 
leave  them  by  the  ways  of  nature 
or  tlie  help  of  surgicfd  operatiuns 
duritJiT  life,  they  are  not  permitted 
FMi.  2.— iii'hium:oci;u.s  cyat  troin  to  coutiuutj  their  dsinrrerous  exist- 
burn.li    kidney  p«s^d  Willi  the     ^^^^_      g^^   echinococci   of   cattle. 

particularly  of  sheep,  are  again  set 
free  in  the  process  of  slaughtering ;   tbey  nre  thrown  on  the 
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ice  of    l^ii).    f — Etiliinoooccus   witb 


rtiHii'llum,  lUid  suckers  everted;  the 
vessels  m  the  intcHor  and  tli« 
chalk 'CoriiuacleH  of  the  surfiiOA 
nl^o  visible  {  x  10). 

giound  and  devoured  l-y  dogs,  in  them  again  to  gmw  into  ripe 
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t«eniitj.  WTiile  therefore  man  does  not  coiitriliute  to  atiord  the 
ujjportunity  for  the  nmltiplicatiun  and  propagation  of  echino- 
cocci,  his  constant  liahility  to  the  disease  is  kept  up  by  the 
cycle  of  infection  which  sulisists  between  dogs  and  sheep.  Ttie 
pig  is  also  lialile  to  be  iDfected  by  ecbinococcns.  bnt  much  more 
mrely  than  the  sheep.  Oxen  and  co%vs  sometimes  also  have 
them,  but  atiU  more  rarely  than  pigs  (^ee  further  details  on 
occLUTeuce  in  animals  in  my  *'  Eeport  on  rarasitic  Diseases  of 
(^>uadmped8  used  for  Food,"  in  Kep.  Med.  OIF.  Privy  Council 
1864-65,  p.  334). 


Sl^- 
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Fio.  5.^ — Matrix,  niga%  buds,  nud  fully  deyelojK-d  embryoH, 
one  with  head  and  Htickers  protruded,  from  iutiTual  eur- 
fftoe  of  Echinocoi  cus  of  sheep. 


ImjixdmiU  of  ihe>  Fluid  in  £chhwc4)€cnit  Tumour. 

Heintz  had  shown  that  the  cysts  of  tumours  contain  sodic 
chloride,  sugar,  inosite,  and  sodic  succinate ;  no  albumen  was 
found.  Munk  (Virchow's  "Archiv."  63)  analysed  about  2  litres 
of  such  fluid.     It  had  sp,  gr.   1012,  was  of  neutral  reaction, 
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and  left  1-574  per  cent,  of  solid  residue,  of  which  0*968  were 
ash,  0*606  oiganic  matter.  It  did  not  coagiilate  on  boiling, 
reduced  alkaline  copper  solution,  and  its  alcoholic  extract  after 
evaporation  turned  the  plane  of  polarised  light  to  the  right  The 
sugar  in  the  original  fluid  was  0*06  per  cent  by  the  optical,  0077 
per  cent  by  the  copper  test  The  liquid  further  contained  a 
little  urea  and  kreatine.  Succinic  acid  could  not  certainly  be 
proved  to  be  present  Of  the  ash  nearly  two-thirds  were 
sodic  chloride. 


CHAPTER    XLV. 

SPERMATIC  FILAMENTS,  OR  SPERMATOZOA, 


OCCURRENCE  AND  INDICATIONS. 

The  occasional  admixture  of  semen  with  the  urine  causes  the 
characteristic  filaments  to  appear  in  the  deposits  which  may  be 
examined  for  the  purpose,  or  for  some  other  object.  The  admix- 
ture with  urine  of  semen  in  any  quantity,  so  as  to  form  a  deposit 
for  itself  and  make  the  urine  albuminous,  is  not  frequently  if 
ever,  met  with  in  disease.  In  health  this  may  occur  under  a 
variety  of  circumstances. 

In  the  urine  of  males  the  presence  of  spermatic  filaments 
in  any  quantity  is  necessarily  the  consequence  of  an  emission 
of  semen,  which  leaves  some  residue  in  the  urethra,  to  be  re- 
moved by  the  first  urine  passing  the  canal  after  the  act. 
The  emission  itself,  however,  may  be  due  to  coition,  or  to 
spontaneous  sexual  excitement  during  sleep.  Onanism  may 
lead  to  the  same  result,  and  hence  may  sometimes  be  discovered 
thereby. 

A  not  unfrequent  cause  of  the  escape  of  semen  is  extreme 
constipation ;  for  after  the  passage  of  hard  and  scybalous  faeces, 
an  oozing  of  a  whitish  turbid  fluid  from  the  urethra,  full  of 
spermatozoa,  is  not  uncommon. 

Excluding  the  habitual  emissions  during  sleep  of  persons 
affected  with  spinal  disease,  an  ailment  called  spermatorrhoea 
has  no  existence.  The  few  honest  practitioners  who  believe  in 
the  existence  of  such  a  disease,  are  the  credulous  victims  of 
onanists,  who  find  it  a  strange  satisfaction  to  seek  relief  and 
undergo  all  sorts  of  treatment  for  a  supposed  ailment,  the  con- 
tinued cause  of  which  they  themselves  knowingly  are.  I  will 
exempt  some  cases,  in  which  the  victims  of  this  vice  think  that 
medical  treatment  might  heal  them  of  their  bodily  passion,  as 
they  erroneously  believe  it  to  be.  I  make  this  statement  in 
consequence  of  the  confession  of  a  young  man,  which  he  made 
to  me  in  the  hour  of  his  death.  This  communication  opened 
my  eyes  regarding  these  cases ;  and  I  have  since  that  painful  ex- 
perience seen  several  cases,  in  which  the  complaints  of  sperma- 
orrhcea  and  nightly  involuntary  emissions,  on  close  examina- 
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tioti,  were  found  to  be  based  upon  no  other  grounds  than  con- 
tinued spontaneous  acts  of  the  individual. 

When  found  in  the  urine  of  wumeu,  where  there  is  no  possi- 
bility or  probability  of  a  fraudulent  admixture,  the  spermatic 
filaments  are  evidence  that  coition  ha^  taken  place.  In  medico- 
legal inquiries,  the  discovery  of  spermatozoa  may  sometimes 
lead  to  the  disclosure  of  crime  or  vice. 

Some  microscojiical  inquirers  state  that  the  urine  should  be 
examined  for  spermatozoa  as  soon  as  possible  after  it  has  been 
passed,  as  they  xery  rapidly  become  destroyed.  Others,  how- 
ever, assert  that  urine,  beyond  making  the  filaments  quiescent, 
exerts  no  further  action  upon  them,  as  they  may  be  detected, 
scarcely  changed,  even  after  it  has  become  ammoniacul.  The 
truth  seems  to  be  that  the  spermatic  filaments  are  differently 
afiected  by  difterent  Huids ;  thus,  in  faintly  alkaline  or  neutnil 
urine  they  retain  their  motility  much  longer,  but  in  acid  or 
strongly  ammoniacal  urine  they  quickly  become  quiescent,  In 
urine  containing  pus  they  retain  their  motility  much  longer^ 
most  pmbably  l>ecause  it  is  alkaline,  as  alkaUne  lluids.  particu- 
larly caustic  alkalies,  are  special  excitants  of  the  spermatic  fila- 
ments, and  may  revive  their  peculiar  motions  under  many  cir- 
cumstances. 

"WTien  few  spermatozoa  are  to  be  detected,  the  urine  must  be 
allowed  to  repose  in  a  conical  glass  vessel ;  the  deposit  is  then 
removed  from  the  bottom  by  means  of  a  caoutchouc  pipette, 
lirought  into  a  cell,  and  examined  under  a  power  of  fix)m  300  to 
400  diameters. 


CHAPTER  XLVI. 
SARCIXA    VENTRICULI. 

OCCURRENCE  AND  INDICATIONS. 

This  alga,  also  termed  Merismoposdia  punctata  (Meyen),  which 
was  discovered  in  vomited  matters  by  Goodsir,  belongs,  according 
to  Nageli  to  the  natural  order  of  Palmellaceae.  It  consists  of 
particles  in  a  peculiar  cubic  arrangement ;  there  are  generally  not 
less  than  eight  particles  united  within  a  structureless  membrane^ 
forming  a  cubic  package,  which  looks  like  a  bundle  tightly  bound 
by  crossed  strings.  If  these  bodies  multiply  the  increase  is  not 
cubic,  but  simply  quadratic.  In  this  manner  four  primary 
bundles  of  eight  particles  each  are  arranged  into  a  square, 
presenting  to  the  eye  sixteen  particles,  but  in  reality  being  made 
up  of  thirty-two.    Munk  found  cubes  consisting  of  512  particles. 

The  particles  themselves  are  of  a  greenish  or  greenish-brown 
colour,  of  an  irregular,  rounded  shape,  and  frequently  present  a 
dark  point  in  their  centre,  fi*om  which  Meyen  derived  the  adjec- 
tive given  by  him  to  the  alga. 

The  sarcinse  ocxjurring  in  human  urine,  and  which  undoubtedly 
may  be  developed  in  the  bladder,  have  a  more  irregular  arrange- 
ment than  the  algoe  occurring  in  the  stomach.  When  placed  in 
creosote  water,  they  show  their  peculiar  movements  for  weeks 
afterwards. 

The  first  observations  of  sarcina  in  urine  were  made  by  Heller. 
An  exhaustive  article  on  the  subject  was  published  by  Welcker 
("  Zeitschr.  f  Eat.  Med."  5).  Begbie  ("Edinb.  Med.  Jour."  1856) 
and  Munk  ("  Archiv.  Pathol.  Anat."  1861,  p.  570)  also  published 
instructive  articles. 

When  these  algaj  are  discharged  with  the  urine  in  great 
quantities,  they  form  a  greyish-white  flocculent  deposit. 

Their  occurrence  in  the  urinary  bladder  is  associated  with 
catarrh  and  pain  in  the  bladder,  and  in  the  region  of  the  kidneys. 
They  do  not  lose  their  vitality  in  either  acid  or  ammoniacal 
urine.  In  the  case  described  by  Munk,  that  of  a  paraplegic 
patient  confined  continually  to  his  bed,  the  algae  grew  in  great 
quantities  during  the  summer  months,  and  disappeared  almost 
entirely  during  the  winter  months.  In  most  cases  dyspepsia 
was  a  collateral  symptom. 


CHAPTER  XLVIL 
COLOXTRING  MATTERS  OF  BILE, 


HISTORY  AKD  UTERATUHE, 

For  a  complete  account  of  the  literature  and  history  of  inquiries 
the  reader  is  referred  to  the  researches  of  the  author  in  the  10th 
Annual  Rei>ort  of  the  Med.  Officer  of  the  Privy  Council  for  1867, 
p,  240 ;  further,  to  a  paper  by  the  author^  published  in  the 
"  Joum  of  the  Chem.  Soc."  May  1875;  and  to  the  author's 
"  Open  Letter  to  the  Imperial  Academy  of  Sciences  at  Vienna^ 
containing  an  examination  of  tlie  Researches  on  the  Colouring 
Matter  of  Bile  by  Richard  Maly  of  Graz/*  published  in  the 
"Chemical  News"  of  April  13  and  21,  1876;  in  Liebig's  "  An- 
nalen;*  1876,  and  in  Pfliiger's  •' Archiv."  13  (1876). 

Occurrence  and  Mode  of  Ohtaminy. 

In  human  bile  there  are  at  least  two  colouring  matters  normally 
present,  several  others  may  occur  abnormally.  Of  the  former,  one, 
bilirubine,  is  red  or  reddish-brown,  and  insoluble  in  alcohol,  whUc 
another,  bilifuscine,  is  dark  brown  and  soluble  in  alcohol.  Both 
are  insoluble  in  dilute  watery  acitis. 

From  human  bile  collected  in  the  deadhouse  these  principles 
may  be  obt^iined  in  the  following  manner : — The  bile  is  mixed 
witli  much  alcohnl,  some  ammonia  and  calcic  chloride,  and  the 
deposit  filtered  off  and  exhausted  with  alcohol  The  residue  is 
treated  with  dilute  hydrochloric  acid.  The  earths  being  thus 
dissolved,  the  washed  residue  is  extracted  with  alcohol,  which 
dissolves  bilifuscine.  The  insoluble  part  is  now  treated  with 
chloroform,  which  disHolves  bilirubim?. 

When  bile  is  allowed  to  decompose  in  a  closed  vessel,  it  de- 
posits both  the  forementioned  colouring  matters  in  the  free  stata, 
owing  to  the  formation  of  free  acid ;  the  deposit  washed  with  a 
little  acid,  then  witli  water,  yields  first  bilifuscine  to  alcohol, 
then  bilirubin e  to  cblorofonn  ;  a  quantity  of  mucua  rem^iins 
insoluble^ 

From  biliaiy  calculi  of  man  and  animak  these  matters  are 
nbtained  by  exhausting  the  powdered  calculi  with  water,  alcohol, 
other,  and  dilute  hydrocldoric  acid  in  succession.     Alcohol  then 
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extracts  bilifuscme,  wliicb  is  the  prevailing  coloured  ingredient 
of  human  calculi,  while  chloroform  extracts  bilirubinfi,  which 
prevails  in  the  calculi  of  oxen,  but  in  human  calculi  is  present 
in  small  quantity  only. 

Bilirubinc,  C^H^NO^; — It  cry stalliaes  from  its  chloroform  solu- 
tion in  reddiBb-brown  rhombic  prisms  of  very  regular  outlines, 
and  greenisb-blue  lustre.  When  quickly  deposited  from  its  solu- 
tion in  chloroform,  or  caustic  potash  in  alcohol,  it  appears  as  a 
red  powder.  It  is  insoluble  in  alcohol,  very  little  soluble  iii 
ether;  the  best  solvent  is  chloroform,  of  which  512  parts  dissolve 
one  part  of  bilirubine.  It  is  easily  soluble  in  caustic  and  car- 
bonated alkalies ;  from  its  aramoniacal  solutions  it  is  precipitated 
by  the  salts  of  metals.  These  combinations  are  mostly  either 
neutral  or  half-acid  salts. 

Neutral  Sih^r  Bilirubhu,  CgHgAgNO^  +  HgO,  is  obtained  as  a 
red  precipitate,  when  an  excesfi  of  bilirubine  is  digested  with 
ammonia,  and  the  filtered  solution  precipitated  with  silver  nitrat-e. 
It  contains  a  molecule  of  water,  which  is  not  removed  by  drying 
in  vacuo  over  sulphuric  acid.  In  this  respect  the  salt  behaves 
similar  to  silver  bippurate. 

Midral  Bilintbim  Baryum,  2{C^L^i\)l^^  +  2H^0.— Dark 
blown  powder,  obtained  by  precipitating  a  solution  of  bilirubine 
in  excess  of  ammonia  with  baiytic  chloride.  It  contains  27  5C 
per  cent  Ba. 

Half-Acid  Bilinihine  Bari^um,  2(C^HgN0,)Ba  +  C^»Hj,NO. 
+  2HjO.— Dark  brownish- red  to  dark  brown  powder,  obtained 
by  adding  barytic  chloride  to  a  solution  of  bilirubine  in  ammonia 
digested  with  excess  of  bilirubine.     Contains  20^75  Ba, 

Nmtml  Btlirubim  Calcium  2(C(jHj,N02)Ca  +  2H.p.— Pro- 
duced  like  the  analogous  baryum  salt,  and  like  it  containing  two 
molecules  of  water.  Contains  10*0  per  cent,  of  Ca,  This  is  the 
salt  occurring  in  bdiary  calculi. 

Half- Add  Bilinthim  Calcium,  2(CflHgN0jj)Ca  +  CgH^NO^ 
+  211^0. — l*roduced  like  the  analogous  baryum  salL  Contains 
71  per  cent  Ca, 

There  are  similar  salts  of  zinc,  lead,  and  copper,  and  basic 
salts  of  silver  and  lead. 

3ihronW'Biiiritbin€t  C^l^^Br.^'i^O.y. — ^"When  dry  bilirubine  is 
treated  with  bromine  gas  diluted  ^\ith  dry  air  as  long  as  bromine 
is  absorbed,  it  is  transformed  into  a  \ioIet  compound  of  the  fore- 
going composition.  The  solutions  in  ether  and  alcohol  present 
striking  spectral  phenomena,  namely,  a  broad  absorption  band 
between  the  lines  D  and  R 

HydrohromO'BiliruUde  BiliriMm,  C^HgBrNO  +  C^Hj^NO^.— 
When  bydrobromic  acid  acts  upon  a  hot  solution  of  bilirubine  in 
chloroform  this  body  is  formed,  which  easily  passes  into  the 
bydrobromo-bil  if  abide,  C^^HgBrNO, 
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Biiiverdine,  C^H^NOg. — \Vlien  bilirubine  is  dissolved  in  caustic 
potash  and  exposed  to  the  air  it  becomes  gradually  green.  When 
the  change  h  completed  hydrochloric  acid  precipitates  green 
Hakes  of  biliverdine.  This  is  easily  soluble  in  alcohol  with  a 
saturated  green  colour.  It  arises  from  bilirubine  by  the  addition  j 
of  2  atoms  of  oxygen  and  subs>ev(iient  subtraction  of  a  moleculi 
of  carbonic  acid — 

When  bih'rubine  in  alcohol  is  treated  with  nitric  acid  containing 
nitrous  it  becomes  bloc,  violet,  red,  and  ultinuitely  yellow.  The 
blue  product  can  l>e  isolated  (cholocyanine),  and  has  an  absorp- 
tion btind  in  its  spectrum  between  C  and  I).  This  reaction, 
known  as  Gmelio  s  test,  can  lie  instituted  upon  very  dilute  solu- 
tions or  thin  deposits  of  bilirubine,  and  is  diagnostic.  Biliru- 
bine or  bilivertline  boiled  witli  silver  nitrate  in  excess  of 
ammonia  yield  a  green  ihiid,  which  on  addition  of  an  acid 
yields  a  dark  violet  precipitate.  This  gives  to  alcohol  a  violet- 
purple  body.     This  test  also  is  very  diagnostic. 

By  treatment  with  fuming  sulphuric  acid,  and  subsequently 
water,  bilirubine  yields  green  cholothallifie,  C^HnNOv,,  which  has 
a  peculiar  spectrum  of  two  bands,  one  in  red,  the  other  in  green. 

BUi/uMinc  ocelli's  in  bile  aud  gallstones  of  man  ;  it  is  brown, 
and  soluble  in  alcohol  and  waterj^  alkalies,  without  change  of 
colour.  Its  composition  is  not  ascertained,  but  it  contains  the 
same  radical  as  bilirubine,  and  gives  the  nitroso-nitric  acid  test. 
It  is  precipitated  by  salts  of  lime  and  lead  from  alkaline  solu- 
tions. It  is  probal>ly  [Resent  in  icteric  nrine,  together  with 
niattei-3  derived  from  bilirubine,  such  as  I»iliverdine.  and  bili- 
prasine.  This  latter  has  a  leek  green  colour,  is  soluble  in 
alcohol,  and  in  that  solution  becomes  brown  by  acids,  green  liy 
free  ammonia. 

Biliverdine,  when  treated  with  dry  Viromiue  vapour,  is  trans- 
formed into  nionobrominated  biliverdine,  a  black  powder  of 
formula,  Cj^H^BrNOjj.  Both  liiliverdine  and  bilirubine  when 
treated  with  sodium  anmlgani  in  soda  solution,  yield  hydro- 
genated  compounds  of  interesting  spectral  properties.  Of  abnor- 
mal colouring  matters  of  Idle  occurring  in  small  quantities  in 
oxgallstones  we  know  cholonematine,  boviprnsine,  bovifusco- 
pittine,  muscoprasine,  ethochlorine  and  hyocoemline. 

Modes  of  Shamng  tht  Pnsfnoe  of  BUiaty  ColonHng  Matter  in 
Icteric  Urine. 

The  appearance  of  biliary  colouring  matters  in  the  urine  in 

the  course  of  disease  is  mostly  recognised  by  a  marked  addition 
to  or  change  in  the  colour  of  that  liquid.  It  becomes  deep 
yellowish-red,  fiery  red,  reddish-brown  or  brown ;   on  standing 
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exposed  to  the  air  it  mostly  becomes  iniich  darker,  commonly 
of  a  gTeeuish-bmwn  appearance,  particularly  if  it  be  of  nearly 
neutral  reaction. 

A  tliiii  layer  of  the  urine  to  be  tested  is  spread  over  a  white 
plate,  and  a  drop  of  nitric  acid  containing  some  nitrous  acid  is 
placed  in  the  centre  of  tlie  circle.  If  bibarj'-  colouring  matter  is 
present,  the  margin  of  the  drop  of  nitric  acid  will  cause  a  blue 
colour  to  appear  in  the  next  circle  of  urine  j  the  blue  cLrc^le 
enlarges  towards  the  circomference  of  the  plate,  and  the  circle 
next  to  the  drop  of  nitric  acid  assumes  a  violet  colour.  The 
blue  and  violet  circles  expand,  aiul  an  inner  red  circle  appears. 
The  test  is  now  completed.  The  discoloration  to  yellow  and 
ijrown  which  follow  are  neither  conatixnt  nor  characteristic. 

Mode  of  ExiraHiiuj  the  Biliary  ColouH^ig  Mat tcr  from  UrUu, — 
It  is  stated  that  bilirubine  can  be  extracted  from  acidified  urine 
by  shaking  witli  chloroform.  However,  as  such  chloroform  also 
extracts  biliary  acid  and  chroniogen  of  urobilin,  the  residue  which 
it  leaves  on  evaporation  must  he  subjected  to  a  process  of  purili- 
cation,  for  which  the  data  are  contained  in  the  chapters  on  these 
substances.  It  is  advisable  to  precipitate  the  colouring  matter 
by  basic  lead  acetate,  and  decompose  the  precipitate  by  acid,  and 
after  washing,  extract  it  with  choloroform  to  obtain  bilirubine  ;  or 
to  precipitate  the  colouring  matter  by  niilkof  lime^  wash  the  pre- 
cipitate, decompose  it  with  acetic  acid,  and  then  extract  with 
chlorofornu 

According  to  Prussak  ("Centralbl.  Med.  Wissensch."  1867,  p. 
*J7),  the  urine  of  patients  with  strong  fe%x*r  and  biliary  ob- 
struction does  not  contain  bilirubine ;  and  according  to  Huppert 
("Zeitschr.  Analyt,  Chem/'  6,  291  and  4*18),  the  biliary  pigment 
contained  in  such  urine  is  biliprasine.  To  prove  the  presence 
of  this  latter  he  i^commends  the  following  proceeding : — The 
urine  is  precipitated  with  milk  of  lime,  the  precipitate  h  col- 
lected, placed  while  in  the  moist  state  into  a  test-tube,  and 
covered  with  absohite  alcohol  to  half  the  capacity  of  the  test- 
tube.  Dilute  sulphuric  acid  is  added  until  the  mixture,  after 
shaking,  has  an  acid  reaction.  The  mixture  is  wanned,  filtered^ 
and  the  filtrate  is  heated  to  ebullition.  Tlie  greenish -yellow,  or 
yellowish-green  licjuid  then  changes  its  colour  to  a  fine  dark  green. 
There  must  be  excess  of  sulphuric  acid  present.  ^\Tien  the  fluid 
is  boiled  long  it  sometimes  assumes  a  dark  blue  coloirr. 

Fat}ioh(ji€al  Carmderations  derived  from  £jj>crimcnts  ujHyii 
Limntj  Anivuth. — When  Frerichs  and  Stadeler  had  injected 
biliary  acid  sohition  into  the  blood  of  dogs^  they  obtained  no 
biliary  acids,  but  biliary  colouring  matter  in  the  urine,  and  from 
this  drew  the  conclusion  that  the  biliary  acids  were  changed  in 
the  blood  into  biliary  pigments.  Kiihne,  however,  who  had 
found  the  acids  in  the  urine,  sought  the  source  of  the  bile-pig- 
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meut  in  these  cases  in  the  destruction  of  the  blood  corpuscles  by 
the  solutions  of  the  salts  of  the  bile  acids.    It  was,  however,  soon 
discovered  that  in  these  experiments  the  bile  ackU  were  quit« j 
unnecessary,  and  that  when  a  sufficient  amonuD  of  water  wa 
injected  into  the  blood,  the  supposed  bile  pigment  would  appejir  ^ 
in  the  urine  (Hermann,  **  Innug.  Diss."  BerliUj  1859) ;  and  if  a 
sufficient  amount  of  blood  coipuscles  was  destroyed  by  the  watery 
the  urine  would  become  bloody  with  dissolved  heniatocr}*stal- 
line.     The  experience   was   then  used  to  prove  that   *'  biliary 
colouring  matter,"  as  the  pigment  in  the  urine  was  termed,  was 
derived  from  the  he mato crystalline,  by  its  destruction  in  the 
lilood  diiectly,  without  the  ioterv^euiion  of  the  liver     Nannyn 
(Du   Bois-Reymond   and  Keichert  s  "  Arcbiv.  Ph^^siul"  1869,  p, 
581)  and  Steiner  (ibid,  1873^  Heft.  2,  pp.  160-194)  were  unable 
to  confirm  these  allegations.     On  injecting  frum  10  to  20  ex,  of 
water  into  the  common  carotid  of  rabbits^  they  found  neither 
blood  nor  biliary  colouring  matter  in  the  urine.    Only  in  two  out 
of  twenty-four  experiments  did  Steiner  find  some  luliary  colour* 
ing  matter  in  the  urine  after  the  injection,  and  these  he  explains. 
as  peculiar.     The  animals  had   eaten   nothing  for  twenty-four' 
Ijouvs  after  the   experiment,  and   Xauuyn  had  proved  that  in 
starving  dogs,  biliary  matter  appeared  spontaneously  in   tlie 
urine.   When  Steiner  injected  from  30  to  50  c.c.  water  into  the 
external  jugular  vein,  be  obtained,  in  twelve  out  of  seventeea 
experiments,  urine  with  dissolved  l>lood ;  and  when  the  blood' 
had  been  removed  l>y  lioiling,  no  biHary  pigment  was  present  in 
the  uriue,  and  none  was  in  the  preeipitate.     Thus  the  experi- 
ments of  Kiihno  and  Hermann  wxTe  flatly  contradicted. 

Tarchanoff  (FHiiger's  '*  Archiv.'*  9,  53,  and  9,  329)  now  came 
to  the  rescue  of  the  hypothesis  of  the  hematogenetic  water-pro- 
duced  icterus.  He  maintaiued  that  Naunyn  and  Steiner  had, J 
in  their  tests  of  the  urine,  not  suillciently  excluded  the  indigo-^ 
genous  substance,  '*wluch  in  the  presence  of  urea  showed  a 
bsaring  not  unlike  biliary  pigrucnt  w^hen  treated  with  nitric 
acid.*'  Considering  that  the  results  of  Naunyn  and  Steiner  had 
been  mainly  negative,  the  first  thrust  did  not  touch  them. 

Tarchanoff,  however,  having  now  perceived  the  weakness  of  the 
analytical  i>roof  of  the  presence  of  biliary  pigment,  bethought  him- 
self to  improve  the  process  for  its  identification,  He  would  not 
boil  the  urine  to  remove  the  coagulable  matters,  as  Ktihue  (Viv- 
chow's  '*Archiv/'  14,  339)  and  Kaunyn  and  Steiner  had  done 
(though  Kiibne's  results  had  been  positive,  and  the  coagulable  mat-*  j 
ters  had  not  carried  the  biliaiy  pigments  down),  but  precipitated  I 
the  urine  with  milk  of  lime,  passed  carbonic  acid  through  the  mix* 
ture,  allowed  to  deposit  by  repose,  filtered  and  washed  the  precipi- 
tate *'  moderately  "  with  cold  water.  The  precipitate  was  dissolved 
moist  in  acetic  acid,  and  with  this  solution  Gmelin's  test  was  in- 
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siituted.  He  obtained  a  positive  result.  He  also  injected  dis- 
solved blood  corpuscles  into  the  vein  of  a  dog  with  a  biliary  iistula, 
and  obtained  a  curious  result.  The  injection  increased  the 
secretion  of  bile ;  but  its  contents  of  matter  soluble  in  alcohol 
were  greatly  diminished,  while  the  colouring  matter  (estimated 
merely  by  the  eye,  and  not  in  any  way  isolated  or  weighed  or 
estimated  objectively)  rose  to  from  four  to  about  fifty  times  the 
quantity  contained  in  the  bile  previously  to  the  injection. 
When  Tarchanoflf  injected  bilirubin  into  the  blood,  he  obtained  a 
great  increase  in  the  colour  of  the  bile,  but  no  biliary  pigment 
appeared  in  the  urine.  Feltz  and  Bitter  (Joum.  d'.Ajiat.  et  de 
VhysioL  par  Robin,  7,  315)  had  injected  4  giin.  of  bilirubin  in 
alkaline  solution,  and  observed  as  consequences  yellow  colour 
of  the  conjunctiva  and  constipation,  but  no  trace  of  biliary  pig- 
ment appeared  in  the  urine. 

From  these  data  Tarchanoff  concluded  that  the  ordinary  belief 
that  the  biliary  pigments  were  made  in  the  liver  was  not  sup- 
ported by  any  direct  evidence,  but  that  it  was  more  probable  that 
they  were  made  in  the  blood  from  hematocrystalline,  and  only 
excreted  by  the  liver.  He  thus  transferred  the  theatre  of  his 
experiments  from  the  urinary  to  the  biliary  organs,  and  the 
chemical  proof  of  the  presence  of  biliary  pigments  in  urine  after 
injection  into,  or  production  in,  the  vascular  system  of  dissolved 
blood  corpuscles  remained  as  unsatisfactory  as  it  was  before. 

TarchanofTs  experiments  and  conclusions  were  called  in  ques- 
tion by  Naunyn  (Pfluger*s  "  Archiv.")  and  to  this  Hoppe-Seyler 
(ibid.  10,  208)  published  a  rejoinder  in  defence  of  Ms  pupil, 
Tarchanofif.     The  discussion  has  not  produced  any  new  data. 

As  sporadic  observations  which  must  wait  for  an  appreciation, 
we  quote  the  statement  of  Orth  (Virchow's  **  Archiv."  63,  447), 
to  the  efifect  that  he  had  found  crystals  of  bilirubin  (query,  "  uric 
acid  ")  in  the  kidney-infarctus  of  newborn  infants,  and  that  of 
Vierordt  ("  Die  Quantitative  Spectral  Analyse "  and  Pfliiger's 
"  Archiv."),  concerning  a  pecidiar  spectrum  of  an  icteric  urine. 

Pathological  Indications  of  the  Presence  of  Biliary  Piginents 
in  Urine, 

After  all  the  foregoing  discussions,  the  pathological  indications 
of  the  bilious  urine  do  not  seem  altered  from  what  they  had 
been  declared  to  be  by  clinical  experience. 

The  occurrence  in  the  urine  of  colouring  matters  being  either 
identical  with  or  derived  from  those  of  bile,  indicates  that  the 
flow  of  bile  from  the  liver  into  the  intestinal  canal  is  impeded  or 
entirely  suspended.  The  colouring  matter  of  bile  enters  the 
blood  by  reabsorption,  and  hence  passes  into  all  the  secretions 
and  tissues ;  or  the  pigment,  if  it  is  really  derived  from  hemato- 
crystalline (which  is  yet  very  doubtful),  not   being  excreted 
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from  the  blood  by  the  liver,  accumulates  in  the  blood.  Icterus 
or  jaundice,  as  this  state  has  been  termed,  is  as  easily  diagnosed 
by  the  coloured  tissues  and  colourless  faeces,. as  from  the  brown 
urine,  and  its  reaction  with  nitric  acid. 

There  are,  however,  certain  dissolutions  of  the  blood  conse- 
quent upon,  or  part  of,  the  pathological  process  of  pyaemia, 
others  consequent  now  and  then  upon  the  bite  of  a  serpent,  or 
the  terror  it  caused,  and  a  third  kind  in  the  train  of  yellow  fever 
— dissolutions  which  produce  the  green  or  yellow  icteric  colour 
of  the  skin  and  tissues,  without  being  accompcmied  with  reten- 
tion of  bile  ;  as  the  frequent  fluid  evacuations  contain  abundance 
of  green  colouring  matter,  and  the  dark-red  or  brown  urine  does 
not  show  the  biliary  pigment  test  with  nitric  acid.  The  testing 
of  the  urine  will  distinguish  these  cases  from  true  icterus. 
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HISTORY  AND  LITERATUKE. 

Glykocholic  acid  was  discovered  by  Gmelin  (Tiedemann  und 
Gmelin,  "  Die  Verdauung,"  1824).  The  same  observer  also  dis- 
covered taurine,  a  product  of  the  decomposition  of  taurocbolic 
acid,  which  latter  acid  was  first  isolated  by  Strecker  ("Ann. 
Chem."  65,  7).  The  sodium  salts  of  the  mixed  bile  acids  as 
they  occur  in  bile  were  first  obtained  crystallised  by  Platner 
C*  Die  Galle,"  Wien,  1847,  p.  126),  and  the  colour  test  for  bile 
acids  was  discovered  by  Pettenkofer  ("  Erdmann's  Journ."  40, 
129). 

Occarreiice. 

The  specific  ingredients  of  bile  are  the  products  of  the  vital 
action  of  the  liver,  and  have  not  as  yet  been  found  normally 
either  in  the  blood  or  other  parts  of  the  body,  the  upper  part  of 
the  intestine  excepted.  Nevertheless,  they  seem  to  be  present 
in  minute  quantities  in  every  healthy  urine  of  persons  of  all  ages 
and  both  sexes  (Vogel  of  Dorpat,  "  Tagblatt.  Naturforscher- 
Versamml."  Leipzig,  1872,  p.  75).  In  certain  diseases,  where 
the  flow  of  the  bile  into  the  intestine  is  obstructed,  biliary  matters 
enter  the  circulation  and  appear  in  the  urine  in  somewhat  larger 
quantity — some  in  an  altered,  others  in  an  unchanged,  state.  It 
seems  that  the  first  observation  of  the  presence  of  biliary  acids  in 
urine  was  made  by  Pettenkofer  upon  a  case  of  pneumonia.  This 
discovery  was  all  the  happier,  as  the  urine  of  pneumonic  patients 
contains  but  very  rarely  abnormal  quantities  of  biliary  acids, 
and  perhaps  only  in  such  cases  where  the  right  lung,  its  base,  and 
the  liver  are  simultaneously  affected.  The  observation  led  also 
to  the  result,  that  biliary  acids  may  be  present  in  urine  in  which 
the  biliary  colouring  matters  are  but  feebly  represented,  while  in 
urine  from  cases  of  strong  jaundice,  which  contains  much 
pigment,  the  biliary  acids  occur  frequently  in  but  very  small 
(quantity.  The  acids  which  occur  in  the  urine  are  the  same  as 
those  which  are  secreted  in  the  bile,  and  do  not  seem  to  be  trans- 
formed into  cholic  or  any  lower  acid. 
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General  Properties  and  Ingredients  of  Bile. 

Iluman  bile,  as  met    with  in  the  gall-bladder,  id  a  yellow, 
greenish,  or  brown  fluid,  of  a  coneistence  imparted  to  it  by  tht^ 
admixture  of  gelatinous  mucus,  of  faintly  alkaline  reaction,  and 
of  bitter  taste.     It  consists  of  nine- tenths  of  water,  the  amount^ 
of  solids  being  only  one-tenth,    The  main  constituents  are  th©f 
Baits,  with  alkalies,  of  two  nitro^enised  organic  acids,  of  which 
one  also  contains  sulphur— glykocholic  and  taurocholic   acid. 
Second  in  order  amongst  the  characteristic  ingredients  are  the 
colouring  matters,  bilinibine  and  bilifuscine,  also  combined  with 
alkalies,     A    third    class    of    ingredients    are    the    bodies    of 
the  lecithine   class,  phosphorised  and  nitrogenous,   the  latter  < 
property  being  due  to  the  presence  in  them  of  a  peculiar  base] 
which  was  first  discovered  in  bile,  choline;  then  there  are  faU^J 
oTeine.  margarine^  and  stearine,  and  inorganic  salts. 

Crystallised  BUc. 

The  bile  is  evaporated  to  dryness,  and  then  extracted  with 
alcohol.  The  alcoholic  solution  is  decolorised  by  animal  chaicoa] 
and  distilled  to  dryness.  The  purified  bile  (1  part)  is  now 
dissolved  iu  absolute  alcohol  (4  parts)  with  the  aid  of  a  higher 
temperature  ;  and  the  solution,  while  yet  warm,  is  mixed  with 
small  quantities  of  ether  while  being  constantly  agitated,  until  a 
coloured  viscid  matter  begins  to  be  deposited  in  considerable 
quantity.  The  bottle  in  which  this  operation  has  been  carried 
on  is  now  closed,  and  allowed  to  repose  during  several  hours. 
After  this  interval  the  bottle  contains  a  dense,  dark,  adhesive 
deposit,  and  a  clear  colourless  liquid  above  it  The  latter  is 
decanted,  put  in  a  stoppered  bottle,  and  exposed  to  the  cold  for 
some  days,  when  the  mixture  of  the  alkali  salts  of  the  two  acids 
crystallises.  The  isolated  ciystals  are  pressed  between  paper, 
dissolved  in  water,  and  acidified  with  sulphuric  acid  until 
a  turbidity  ensues ;  after  twelve  hours  glykocholic  acid  is  pre- 
cipitated in  a  crystallised  state,  taurocholic  acid  remaining  in 
.solution. 

GlykQcJioHc  Acid,  C^jll^^iSO^ 

<.i!ykocholic  acid  forms  colourless,  hair-tiue  needles,  which  are 
at  hrst  voluminous,  and  on  drying  shrink  together,  so  as  to  form 
a  paper-like  mass,  glistening  like  sUk  It  is  very  little  soluble  in 
cold  water,  more  in  boiling  w^ater ;  easily  soluble  in  alcohol ;  little 
soluble  in  ether.  It  has  a  faintly  acid  reaction,  and  a  sweet 
taste.  It  melts  at  a  higher  temperature  and  is  decomposed, 
evolving  at  the  same  time  a  peculiar  odour.  When  wanned  with 
8ulphm*ic  acid  and  sugar,  it  yields  a  fluid  of  an  intensely  violet 
colour,  which  tluoresces  green,  and  before  the  spectroscope 
exhibits  characteristic  absoi-ption  phenomena. 
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The  salts  of  glykocholic  acid  with  bases  have  ^  neutral  reac* 
tron.  The  salts  with  alkaliea  and  alkaline  earths  are  easily 
soluble  in  water  and  alcohol,  bot  insoluble  in  concentrated  solu- 
tions of  hydrated  eaustic  alkalies  or  salts  of  alkalies.  Tlie  salts 
with  heavy  metals  are  mostly  insDliible  in  water.  They  do  not 
crystallise  from  their  solutions  if  tliey  are  evaporated :  but  the 
addition  of  ether  will  usually  transform  them  into  cr}^Htals. 

Glykocholate  of  lead,  2(CVH^2NOj;)Pb,  may  be  obtained 
when  bile  previously  decolorised  by  animal  charcoal  is  precipi- 
tated by  plumbic  acetate.  The  colourless  salt  may  be  decomposed 
by  hydrothion,  and  glykocholic  acid  obtained  by  evaporation, 

Glykocholic  acid  is  soluble  in  concentrated  sulphuric  acid 
without  discoloTation,  and  on  raising  the  temperature  of  the  solu- 
tion an  amorphous  precipitate  forms,  which  is  insoluble  in  wator, 
and  easily  soluble  in  alcohol  This  product,  glykocholonic  acid, 
contains  a  molecule  of  water  less  than  glykocholic  acid,  and  is 
Cg^H^^KOg.     Its  barynm  salt  is  insoluble  in  w^ater. 

When  glykocholic  acid  is  boiled  for  some  hours  %vith  dilute 
hydrochloric  or  sulpburic  acid,  it  is  split  up  into  glykokoll,  and 
an  acid  free  from  nitrngen,  cholic  acid — 

This  decomposition,  however,  is  rarely  complete,  as  the 
resinous  cholic  acid  encloses  undecomposed  glykocholic  acid, 
which  is  then  with  difficulty  influenced  by  the  acid.  On  the 
other  hand,  a  portion  of  the  cholic  acid  is  further  decom- 
posed, yielding  dyslysine.  This  mixture  of  cholic  and  little 
glykocholic  acid  with  dyslysine  has  such  peculiar  properties, 
remaining  amorphous  under  circumstances  where  the  separate 
acids,  particularly  the  cholic  acid,  would  crystallise,  that  it  has 
hitherto  been  considered  as  a  separate  acid,  to  which  the  name 
choloidic  has  been  given.  This  substance,  however,  always  con- 
tains nitrogen^  showing  the  presence  of  undecomposed  glykocholic 
acid,  yields  cholic  acid  to  boiling  water  (to  be  obtained  in  the 
crystallised  state  by  the  spontaneous  evaporation  of  the  solution), 
dissolves  mostly  in  alcohol  and  alkalies,  leaving  some  dyslysine 
undissolved,  and  on  boiling  with  an  alcoholic  solutiou  of  potash 
yields  large  quantities  of  cholic  acid,  which  now  crystallises 
easily  in  the  various  forms  aud  from  the  various  solvents. 
Choloidic  acid,  thei'efore,  has  no  existence,  but  what  has  been  so 
termed  is  a  mixtui-e  of  glykocholic  acid  with  two  of  the  products 
of  its  decomposition.  Glykocholic  acid  is  more  easily  separated 
into  glykokoll  and  cholic  acid  by  the  influence  of  caustic  alkalies, 
or  caustic  baryta  and  long  boiling, 

TaurockoHc  Acid,  C^li^^l^SOj. 

When  glykocholic  acid  is  precipitated  by  dilute  sulphuric  acid 
from  the  solution  of  crystallised  bile,  taurocholic  acid  remains  in 
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solution,  together  with  potassic  sulphate.  MTien  this  solution  is 
evaporated  to  drvTiess  and  extracted  with  alcohol,  and  the  alcohol 
ia  again  evaporated,  pure  taurocholic  acid  remains  as  an 
amorphous  mass.  It  may  be  obtained  from  bile  directly,  by 
floating  the  crude  liquid  with  neutral  acetate  of  lead  as  long  as 
a  precipitate  ensues.  Glykocholic  acid,  bilirubine,  lecithine,  and 
mucus  are  thereby  removed.  To  the  filtrate  a  little  basic  acetate 
of  lead  is  added,  which  removes  the  rest  of  any  glykocholic  and 
a  little  taurocholic  acid.  The  filtrate  is  now  precipitated  by  basic 
lead  acetate  and  amtoonia.  The  precipitate  by  decomposition 
with  hydrothiou  yields  t(iurocholic  acid.  It  has  an  acid  reaction, 
a  bitter  and  sweet  taste  •  when  the  solution  is  evaporated  it 
decomposes,  so  that  the  residue  becomes  partly  insolubla  It  is 
less  changeable  when  in  combination  with  alkalies,  and  the  solu- 
tion of  such  saltB  may  be  e\^aporated  at  the  boiling  heat  The 
watery  solution  of  these  salts  froth  like  soap  water;  metallic 
salts  form  no  precipitates  with  them,  the  sole  exception  being 
basic  acetate  of  lead,  and  even  that  does  not  precipitate  the 
whfile  i»f  the  acid. 

Viuk'v  lire  ititlutMice  of  caustic  alkalies  or  harj^ta  taurocholic 
acid  yields  cholic  acid  and  taurine — 

C.^H,,N80,  -h  11,0  ^  C,,H,,0, + C  JI.NSO,. 

Taurocholic  acid,  ther*'fure,  has  a  constitution  analogous  to 
that  of  glykocholic  acid,  the  dilTerence  consisting  in  the  replace- 
ineut  of  glykokoll  by  taurine. 

Taurine  and  Gbjkohill  may  be  obtained  from  bile  by  boiling  it 
with  caustic  l)uryta  in  excess  for  at  least  twetity-four  hours.  The 
liquid  on  cooling  deposits  crystalline  chelate,  which  is  removed 
and  decomposed  by  hydmcliloric  acid  to  yield  the  free  cholic 
acid.  The  mother- liquors  are  treated  with  carbonic  acid,  and  the 
deposited  carbonate,  together  with  a  little  more  cholate,  are 
removed.  The  concentrated  mother-liquor,  on  addition  of  alcohol 
and  standing,  deposits  taurine  in  large  crystals,  to  be  purified  by 
boiling  with  aniuuil  charcoal  and  recrystallising  from  whaler  The 
alcoholic  solution  contains  glykokoll,  which  will  crystallise  on 
concentration.  The  mother-liquor  contains  choline,  which  is 
precipitated  from  the  alcoholic  solution  by  platinic  chloride. 

Taurine  and  glykokoll  are  amido-acids.  They  and  choline  can 
be  produced  synthetically. 

Cholic  acid,  Cg^H^^jO^,  produced  as  above  described,  may  also 
be  obtained  from  bile  by  putrefaction.  It  is  said  also  to  occur  in 
the  intestine,  and  in  the  urine  in  the  cases  to  be  stated »  It  is  free 
from  nitrogen,  readily  cr}^stalli  sable  from  water,  alcohol,  or  ether, 
and  forms  crystalline  salts  with  alkalies  and  alkaline  earths. 

It  crystalliBes  from  alcohol  in  octahedra  and  tetrahedra  belong- 
ing to  the  quadratic  system.    The  crystals  contain  five  molecules 
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of  water  of  crystallisation  upon  two  molecules  of  acid,  being 
2(Cn4H^Oji)  +  5(H20),  In  air  tliey  lose  water  and  become 
opaque  ;  at  100''  they  lose  the  wbole  of  the  water  and  then  suffer 
no  change  on  heating  to  170".  Heated  to  200'  eholic  acid  loses 
two  molecules  of  water  and  becomes  dyslysine,  C2.iH.^iO^ 
Cholic  acid  ia  easily  soluble  in  boiling  alcohol,  less  soluble  in 
cold,  requiring  21  tiroes  its  weight  of  70  per  cent,  strength  ; 
it  is  soluble  in  27  parts  of  ether,  nearly  insoluble  in  water.  The 
alcoholic  solution  mixed  with  water,  until  it  assumes  a  milky 
turbidity,  or  the  ethereal  solution  on  spontaneous  evaporation, 
deposit  the  acid  in  needles  of  the  composition  C24H40O5  +  H2O, 
which  do  not  effloresce  in  the  air,  lose  half  their  water  at  lOO"",  tbe 
whole  at  130",  and  fuse  with  decomposition  at  145^  The  solution 
of  cholic  acid  turns  tlie  plane  of  polarisation  towards  the  right. 

Chelate  of  ammonium  is  obtained  in  needles  when  ammonia 
gas  is  conducted  into  an  alcoholic  solution  of  the  acid,  and 
ether  is  then  added ;  when  it  is  exposed  to  the  air,  or  its 
watery  solution  is  boiled;  itmnionia  escapes.  Potassic  chelate, 
C„^Hr^KO,^,  is  produced  by  adding  to  the  alcoholic  solution 
of  the  acid  potash  to  neutrality  and  then  ether.  It  forms 
needles  which  fuae  at  or  above  150^  Baryum  cholate, 
2(C.24HjjjjOJBa,  is  produced  by  dissolving  the  acid  in  baryta 
water,  precipitating  any  excess  of  baryta  by  carbonic  acid, 
and  evaporating  tbe  filtrate ;  it  is  deposited  in  silky  crusts  which 
are  soluble  in  W  parts  of  cold,  23  parts  of  boiling  w^ater,  more 
soluble  in  alcohol  Silver  chohite  is  precipitated  from  hot  water 
in  a  crystalline  state,  and  easily  soluble  in  alcohol 

O71  iM  Prt'Mfue  of  Biliary  Acids  in  Icteric  Urine, 

The  pathological  chemista  of  the  early  part  of  the  present 
century,  the  most  prominent  amongst  them  Orfila,  believed  that 
they  could  isolate  the  so-called  resinous  bodies  of  tbe  1)ile  from 
icteric  urine,  Thenard,  Chevreul,  and  Lecanu  were  yet  of 
opinion  that  the  bile  acids  could  sometimes  be  found  ;  but 
Lehniann,  Gorup-Besanez,  Scherer,  Frerichs,  and  others  declared 
that  they  at  least  had  never  been  able  to  find  them.  In  conse- 
quence of  this  diversity  of  opinion,  pathologists  came  to  look 
upon  jaundice  as  a  term  which  might  comprise  two  different 
diseases — one  produced  by  a  disturbance  of  the  function  of  the 
liver,  particularly  an  obstruction  to  the  flow  of  the  bile  already 
secreted  ;  the  other  caused  by  an  anomalous  condition  of  the 
blood,  and  not  accompanied  with  any  disturbance  of  the  liver 

Frerichs  and  Stiideler  now  transferred  the  discussion  upon  the 
field  of  experimental  physiology,  by  injecting  biliary  acids  into 
the  circulation  of  dogs,  and  observing  that  the  urine  of  these 
animals  thereupon  became  icteric,  while  not  yielding  any  bile 
acids  on  analysis.     From  this  they  concluded  that  the  bile  acids 
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were  in  the  Hood  transformed  iDto  bile  pigment,  and  that  to 
such  latter  the  icteric  colour  of  the  urine  was  due  (Frerichs, 
"  Klinik  der  Leberkrankheiten "  1,  p.  101).  The  views  of 
Fiurichs  were  controverted  by  Hoppe-Seyler  (Virchow's  "  Archiv/* 
13,  101),  who  evaporated  icteric  urine  to  a  low  bulk  or 
to  dryness,  boiled  the  residue  with  hydrochloric  acid,  ex- 
t meted  tho  protluct  with  water,  dissolved  the  matter  insoluble  in 
water  in  akohol,  and  termed  this  dissolved  matter  choloidinic 
acid.  The  same  process  was  also  used  by  Kiihne  (Virchow*s 
*'AR*hiv/'  14,  310)  in  some  researches  on  icterus.  Kiihne 
showed,  as  far  as  the  foregoing  test  can  prove  anything, 
against  Frerichs.  that  bile  acids  injected  into  the  blood  of  dc^ 
do  actually  reappear  unchanged  in  the  urine,  but  that  in  passing 
thnm^h  the  blinidthey  dissolve  a  portion  of  the  blood  corpuscles, 
ami  that  the  juvducts  of  the  decomposition  of  this  free  hemato- 
crystaltine,  cveutually  hematlne^  colour  the  tissues  and  the  urine 
muck  in  the  manner  of  hepatic  jaundice.  Ley  den  now  formu- 
lated the  clinical  distinctions  of  the  two  kinds  of  icterus,  to  this 
eflTect  tliat  ill  hepatic  jaundice  the  urine  contained  some  biliary 
acids  as  well  as  pigments,  but  that  in  liematogenetic  icterus  the 
pigments  alone,  and  no  bile  acids,  appeared  in  urine ;  the  normal 
urine  he  believed,  with  pluvious  observers,  to  be  free  from  bile 
acids.  In  the  last  couclusion  he  was  supported  by  Folwarczny 
('*  Zeitschr  d.  C Jes.  d.  Wiener  Aerzte/'  185"J),  and  to  a  certain 
extent  by  Neukomm  (Eeichert  and  Dn  Bois-Rejmiond's  "Archiv. 
d.  Physiol/*  and*' Ann.  Chem/*  116,  30),  who  found,  if  any, 
no  more  tlian  traces  of  bile  acids.  Hoppe-8ey!er  (Virchow's 
**  Archiv."  24,)  now  repeated  his  process  on  30  litres  of 
icteric  urine,  and  added  to  the  prDcess  a  purification  of  the 
residue  from  tlie  last  alcohol  extract,  solution  in  alcohol  and 
precipitation  by  ether.  To  meet  other  objections,  Hoppe-Seyler 
now  termed  the  product  from  icteric  urine  cholonic  acid,  and 
obtained  it  from  moi^  than  thirty  cases  of  icterus,  but  without 
ever  saying  whether  he  had  applied  the  same  process  to  healthy 
urine.  He  reversed  the  statement  of  other  pathological  chemists 
by  enunciating,  that  the  more  colouring  matter  of  bile  a  urine 
contained  the  gi'eater  was  also  the  quantity  of  biliary  acids  in  it, 
although  pigments  and  acids  were  allowed  not  to  be  present  in 
the  same  proportion  as  in  bile. 

It  is  not  necessary  to  describe  the  product?  any  further,  as  we 
know  that  the  choloidinic  acid  for  which  they  were  taken  does 
not  exist,  and  because  neither  the  analyses  of  the  free  product, 
nor  that  of  its  baryum  salt  led  to  any  definite  conclusion  in 
favour  of  cholonic  acid.  The  process  is  not  of  the  slightest 
value,  since  we  know  that  normal  urine  rt^sidues  on  boiling  with 
acids  will  yield  products  which  will  show  all  the  properties  of 
the   products  described   by    Iloppe-Seyler,  and  which  can  be 
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separated  into  the  d^^iS^  substanctis  deacribed  in  the  chapter 
on  urochrome,  as  uropittine,  nrorubine,  omichoUne,  and 
omicholic  acid*  Whatever  the  product  may  have  been,  it  must 
have  contained  several  of  these  bodies,  and  though  what  we  know 
now  regarding  the  presence  of  bile  acids  in  normal  nrine 
establishes  almost  a  presumption  in  favour  of  the  product  having 
contained  some  dyslysine,  nevertheless  this  dyslysine  must  have 
been  mixed  with  the  producta  just  named,  and  therefoi-e 
inaccessible  to  recognition  by  either  tests  or  analyses.  Con- 
sequently, all  allegations  concerning  the  presence  of  biliary  acids 
in  icteric  urine,  based  upon  the  supposed  finding  of  clioloidinic 
or  cbolonic  acid  occurring  in  literature  previously  to  1863,  must 
be  treated  with  distrust  whenever  the  method  by  which  the  acids 
are  stated  to  have  been  found  was  the  one  just  alluded  to,  or  is 
not  specially  described. 

But  in  1863  Hoppe-Seyler  ("  Central bL  f,  d.  Med.  Wissensch/' 
Nr.  22)  published  a  case  in  which  he  succeeded  in  finding 
unchanged  biliary  acids  in  icteric  urine  by  the  following  process  :— 
1900  c.c.  of  strongly  icteric  nrine  were  precipitated  with  basic 
lead  ^acetate  and  ammonia,  the  precipitate  w^as  exhausted  with 
boiling  alcohol,  the  solution  concentrated,  the  dissolved  lead  salt 
was  decomposed  with  sodic  carbonate.  The  solution  w^as  again 
evapomted  to  dryness,  the  residue  dissolved  in  absolute  alcohol, 
the  alcoholic  solution  distilled  to  dryness,  the  residue  was  dis- 
solved in  water,  the  solution  again  precipitated  liy  ba^ic  lead 
acetate  and  ammonia,  the  lead  salt  was  again  extracted  with  hot 
alcohol,  and  the  extmct  decomposed  with  sodic  carbonate ;  the 
solution  was  now  evaporated  to  dryness,  the  residue  extracted 
with  little  absolute  alcohol,  and  the  liltered  extract  precipitated 
with  ether.  After  twenly-fuur  hoiu^  crystallised  salts  appeared 
in  the  liquid,  resembling  those  obtained  under  the  name  of 
crj^stallised  bile.  When  the  liquid  was  decanted  the  crystals 
liquefied.  On  addition  of  a  few  drops  of  sulphuric  acid^  a  fine 
white  amorphous  precipitate  ensued,  which  after  twenty-four 
hours  consisted  of  drops  and  crystals.  The  precipitate  dissolved 
with  difificulty  in  cold,  more  easily  in  hot,  water,  and  on  cooling 
was  deposited  again  in  the  form  of  little  drops  and  thin,  long 
needles.  These  gave  again  a  soda  salt,  soluble  in  alcohol.  The 
salt  gave  Pettenkofer*s  test,  showed  the  presence  of  nitrogen  by 
Lassaigne's  test^  and  its  solution  in  water  gave,  with  barytic 
chloride,  a  slight  flaky  precipitate,  which  dissolved  by  heat,  or  in 
more  water.     Burned  with  nitre  the  salt  gave  no  sulphuric  acid* 

The  ether  alcohol  from  the  first  crystals  was  evaporated  anrl 
left  a  viscous  mass,  which  was  dissolved  in  little  absolute  alcohol 
and  precipitated  by  ether.  The  precipitate  gave  Pettenkofers 
reaction,  and  burned  with  nitre  showed  sidphuric  acid  It  is 
therefore  proved  by  these  reaction?,  as  far  as  reactions  without 
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quantitative  analyses  can  prove  audi  a  case,  that  in  this  ic 
urine   thero    were    contained    glykocholic,  cliolic    (by   barytii 
precipitate),  and  taurocholic  acid. 

On  tlm  Prcseiu^  of  Bilr  Acuh  in  Normal  Human  Urine. 

While  the  diacusgion  on  the  presence  or  absence  from  icteric 
urine  of  biliary  at^ids  was  continued  during  half  a  century,  and 
the  most  circuitous  routes  were  taken  to  arrive  at  proofs  for  the 
one  or  the  other  view,  no  one  ever  inquired  whether  nonnal 
urine  contained  any  bile  acids  until  Naunjn  and  Neukomm 
instituted  inquiries  in  this  direction  and  came  to  a  positive 
result.  Drageudorff  then  made  some  inquiries  on  normal  urine, 
in  which  he  used  the  following  proceeding  : — Four  to  five 
ounces  of  urine  are  acidified  with  a  few  drops  of  hydrochloric 
acid,  and  shaken  with  one  ounce  of  chloroform  (or  amylic  alcohol, 
•'  Zeitschr.  f.  analyt.  Chemie "  8,  102)  during  at  least  one 
hour.  The  chloroform,  which  is  said  to  be  brown  and  turbid 
from  the  precipitation  of  the  colouring  and  extractive  matters,  is 
now  mixed  with  from  6  to  8  ex.  absolute  alcohol,  whereupon  the 
mixture  becomes  clear  again.  It  is  put  upon  a  filter  and  now 
changes  to  a  thick  gelatine,  which  prevents  filtration.  But  by 
stirring  tlie  gelatine  near  the  paper  with  a  glass  rod,  filtration 
of  chloroform  and  alcohol  are  eilected.  The  filtrate  is  now 
allowed  to  evafiorate  spontaneously  on  watch  glasses.  The 
residue  has  a  bitter  taste.  If  a  trace  of  sugar  powder  is  added  to 
it,  and  then  concentrated  .sulphuric  acid,  a  violet  colour  is  pro- 
duced at  the  mai-gin  of  the  mixture,  particularly  round  the  sugar 
granules,  which  lasts  for  about  15  to  30  minutes,  and  then  passes 
into  browu.  This  Dragendorff  considers  to  be  a  sufficient  reac- 
tion to  the  presence  of  bile  acid.  But  to  meet  the  objections 
which  he  himself  foresaw  as  to  its  sufficiency  for  constituting  a 
final  proof,  he  adopted  the  following  process  :■ — ^He  evaporated 
normal  urine,  extracted  it  with  alcohol,  evaporated  again,  and 
extracted  with  absolute  alcohol  ;  evaporated  again,  dissolved  in 
water,  and  precipitated  with  basic  lead  acetate  not  in  excess. 
The  lead  compound  of  bile  acids  was  extracted  with  boiling 
alcohol,  thia  solution  evaporated  after  addition  of  sodic  carbonate, 
and  the  residue  extracted  by  absolute  alcohol.  This  solution 
contained  yet  small  quantities  of  a  resinous  urinary  ingredient, 
which  on  treatment  with  sulphuric  acid  fissumed  a  brownish-red, 
flometimes  a  feeble  blue  or  violet  colour,  and  when  warmed  with 
the  addition  of  a  little  sugar,  a  red  to  yellowish-brown  tint.  The 
lead  process  had  therefore  to  be  repeated  upon  it.  The  ultimate 
residue  w^as  now  tested  witli  Petteukofer's  reaction,  and,  when 
the  pnqde-violet  was  obtained,  passed  as  a  biliary  acid  salt.  Or 
the  residue  was  dissolved  in  a  little  water,  acidulated  with 
sulphuric  acid,  and  shaken   with  chloroform ;    the  latter  on 
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evapomtion  left  the  free  biliary  acid,  to  be  tested  by  Petteiikofer's 
reaction  and  by  elemeDtary  analysis. 

DragenduiiF  examined  a  litre  of  urine  from  each  of  ten  persons, 
whose  ages  varied  between  8  and  55  years,  by  the  methcKl  just 
related,  and  found  biliary  acids  in  each.  It  seems  that 
glykocliolic  acid  alone  was  found,  and  no  taurocholic.  He  then 
operated  upon  100  litres  of  urine,  and  obtained  the  glykocholic 
acid  in  a  pure  state,  A  part  of  the  biliary  acid,  he  says,  even 
crystallised  in  microscopic  crystals,  and  its  elementary  analysis 
agreed  perfectly  with  theory.  The  quantity  of  glykocholic  acid 
ohtaiued  from  the  100  litres  of  urine  was  estimated  to  amount  to 
07  to  OS  grm.  This  subject  was  further  elaborated  by  Hone  in 
an  inaugural  dissertation,  published  at  Dorpat  in  1873, 

Biliary  Acids  in  the  Urine  in  Diseases  other  than  ffepatic. 

Dragendorff  applied  his  method  of  extraction  with  chloroform 
to  the  urine  of  patients  suffering  from  phthisis,  pneumonia, 
anaemia,  diseases  of  the  heart,  brain,  and  skin,  and  found  the 
purple  reaction  in  all  extracts.  The  urine  of  patients  suffering 
from  chronic  diseases  of  the  skin,  who  were  being  treated  witli 
endermatic  application  of  tar,  yielded  the  reaction  with  particular 
distinctness.  The  urine  in  these  cases  was  partieidarly  dark, 
without  showing  any  reaction  for  biliary  pigment  In  five  cases 
of  jaundice,  a  case  of  cancer  of  the  liver,  and  another  of  cirrhosis, 
the  reaction  wels  the  most  developed. 

The  foregoing  reactions  oidy  sbow  that  in  the  diseases  quoted 
the  biliary  acitls  present  in  normal  urine  are  not  wanting.  They 
seem  also  to  indicate  that  in  diseases  with  hepatic  obstruction 
the  quantity  of  biliary  acid  excreted  is  larger  than  in  health,  but 
that  in  acute  and  chronic  diseases  not  accompanied  with  hepatic 
obstruction  the  amount  of  biUary  acids  in  the  urine  is  not  parti- 
cularly changed,  AU  these  speculations  rest,  however,  upon  the 
assumption  that  the  matter  isolated  by  Dragendorff,  Vogel,  and 
Hone  was  really  glykocholic  acid,  which  is  not  yet  quite  certain, 
seeing  that  these  authors  have  not  shown  what  becomes  of  the 
chromogen  of  urobiline  (so  called)  which  chloroform  must  have 
extracted  with  their  alleged  bile  acid.  The  description  of  his 
ultimate  product  by  Dmgendorff  is  also  by  no  means  satisfactory, 
and  the  ma.ximum  quantity  of  08  grm,  of  material  was  scarcely 
enough  for  final  determination.  He  also  seems  to  have  omitted 
the  ether  precipitation  of  his  product,  which  would  have  ex- 
I  eluded  many  doubts.     Nevertheless  there  is  a^^rimd/acie  case 

I  made  out,  which  wiU  require  the  greatest  attention  of  physio- 

I  legists  and  pathologists. 

I  I  must  here  remark,  in  conclusion,  that  the  Pettenkofer  test 

I  as  applied  to  urinary  products  is  extremely  deceptive,  inasmuch 

L: 


chromogens  and  urochrome  also  yield  strong  red  and 
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In  iqieatiBg  tbe  Dn^g^ndflrff-Togd-Hoae  enwiimentft  wHli 
cblofoform,  Kiilz  C*  AOgeoL  lied  OBmimlwitim&''  Xr.  57, 1S75) 
abfadned  extracts  wbidi  yielded  Uie  porple  tesl  with  sulphmic 
eeid  elooe,  and  without  the  eid  of  sogtr,  and  wbidi  he  therefore 
deekree  to  be  miaaiy  ry^f^^  m  chiooiogen  pal  erndentlj 
relited  to  bUe  tdda.  He  dwevawd  the  queetioii  whether  there 
mjghi  be  some  biliaij  adds  admixed,  ba&  oo  oompazing  Ihe 
leactioii  bj  sulphuric  acid  alone  with  that  bj  sulphurie  acid  aad 
sogar,  he  a>ald  discover  do  difTereiice.  This  shows  dearlj  that 
ihe  chlorofoTm  extraction  and  coloar  test  is  no  pioof  of  the 
|>fesence  o(  biliary  adds^  and  contributes  to  weaken  our  fiith  in 
the  rest  of  DragendorfTs  teaching. 

In  the  urine  from  a  case  of  poisoning  bj  phosphoms,  which 
was  stiongly  ictc  '  _er  ("  Archiv.  PhamL"  206  (Mslj  187o), 
385)  found  crysi  .  biliary  acids  by  precipitating  500  cc, 
directly  with  basic  lead  acetate  and  ammonia,  and  then  proceed- 
ing further  as  above  described.  Felt2  and  Kitter  ("Compt 
R^d."  81,  793}  Laving  examined  the  urine  of  animals  poisoned 
iu  various  ways  with  phosphoruSp  putrid  matters,  emetic 
tiirtar,  arsenite  of  eoda,  and  arsenious  acids,  and  using 
retU5ul£ofer'»  test  only,  have  come  to  conclusions  the  criticism 
of  whicfi  i«  contained  in  the  foregoing* 
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GRAPE  SUGAR,  C^H^A- 


IIISTOEY  AND  LlTERiVTUUE. 

Grape  sugau  was  found  by  Lowitz  (Crell's  **  Chem,  Ann/*  1 
(1792),  p.  218  and  p.  345)  and  Proust  (Joura.  d.  Phys.  et  de 
ChittL"  63,  257;  69,  41^8;  "Ann,  Chim/'  57,  131  and  225)  to 
be  distinct  from  cane  migar,  Thi^nard  and  Dupiiytren  ("Ann. 
Chim/*  44,  45}  proved  the  sugar  from  the  urine  of  diabetic 
patients  to  be  identiad  with  gmpe  sugar. 

Occurrence. 

This  substance  forms  a  constituent  of  all  sweet-tasting  fruit,  in 
which  it  is  contained  in  various  proportions,  Kaisins,  figs, 
dates,  and  other  dried  fruit  contain  it  crj^stalline,  and  in  largest 
proportions.  It  is  also  contained  in  bees'  honey,  mixed  with  an 
uncrystallised  sugar,  termed  glucose. 

It  is  found  in  the  human  and  animal  organism  after  food  con- 
taining sugar  or  starch  has  heeo  taken  ;  the  contents  of  the 
upper  part  of  the  small  intestine,  the  chyle,  portal  and  venous 
blood,  and  the  extract  from  the  liver,  give  then  unque^stionable 
evidence  of  its  presence.  But  it  is  more  than  doubtful  whether 
the  substance  found  in  hens'  eggs,  in  the  nrine  of  the  fretusof  the 
cow  and  sheep,  in  the  allantoic  and  amniotic  tluid  of  cows,  sheep, 
and  swine,  which  reduces  oxyde  of  copper  in  its  alkaline  solu- 
tion, is  really  sugar,  as  allantoine,  a  substance  found  to  be 
present  in  all  the  fluids  just  named,  has  been  found  to  possess 
the  same  reaction  as  sugar. 

Tn  diabetes  melUtus,  sugar  is  found  in  all  or  most  of  the 
secretions,  tissues,  juices,  and  excretions  of  the  body. 

Grape  sugar  may  be  made  artificially  from  cane  sugar  and 
starch,  either  tlirough  the  intiuenee  of  diastase,  or  by  boiling 
with  dihite  acids.  Many  immediate  principles  of  plants^  such  as 
amygdaline,  salicine,  phloridzine,  rhodeoretinic  acid,  rhuberythric 
acid,  arbutine,  populine,  quercitrine,  escuhne,  caincic  acid, 
chinovic  acid,  tannic  acid,  and  several  animal  principles,  such  as 
the  cerebriue  bodies  of  the  bmin,  cartilage,  and  the  chitin  of 
lower  animab,  are  imder  the  intluence  of  synaptase,  or  of  dilute 
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acids  or  alkalies,  tratisformed  into  grape  sugar  and  other  com* 
pounds.  These  principles  are  comprised  under  the  class  of 
^UwmdeSt  or  substances  combined  with  sugar. 

Grape  sugar  turns  the  plane  of  polarisation  to  the  right,  and 
is  therefore  also  called  dextrose;  by  this  proper^  it  is  most 
easily  distinguished  from  the  uncrj'stallisable  sugar  of  acid  fruit, 
and  of  honey,  which  turns  the  plane  of  polarisation  towards  the 
left,  and  is  therefore  termed  levulose.  In  fruit  these  two  kinds 
of  sugar  are  mostly  present^  but  in  human  urine  the  dextrose 
grape  sugar  alone  occurs,  without  any  admixture  of  levulosa 

Mod^  of  Obtaining. 

Honey  is  treated  with  cold  alcohol,  which  dissolves  the  un- 
crystoUisable  sugar  or  lemUme,  leaving  the  crystallised  grape 
sugar  behind.  The  residue  is  washed  with  alcohol,  pressed,  dis- 
solved in  water,  treated  with  animal  charcoal,  aud  clarified  with 
white  of  egg,  evaporated,  and  allowed  to  crystallise.  It  may  be 
recrystallised  from  boiling  alcohol. 

From  raisins  or  dates  (which  latter,  when  good  and  large,  I 
have  found  most  advantageous)  it  may  be  obtained  by  extraction 
with  boiling  water;  the  extract,  when  evaporated,  is,  after 
crystallisation  has  taken  place,  treated  in  the  same  way  as 
honey. 

From  diabetic  urine  grape  sugar  may  be  obtained  by  evaporat- 
ing the  urine  in  the  water-kith  to  dryness,  extracting  the 
crystalline  dark-coloured  residue  with  cold  spirit  of  wine,  and 
purifying  the  residue  by  repeated  recrj^stallisation  from  water, 
after  treatment  with  albumen  and  animal  charcoal,  and  at  last  by 
recrystallisation  from  boiling  alcohol 

Physical  and  Chemical  Propertm. 

From  somewhat  concentrated  solutions  grape  sugar  crystaUia 
in  semi-globular  warts,  or  in  masses  like  cauliflower.  From  the 
watery  extract  of  dates,  and  from  bulky  solutions  in  alcohol, 
large,  trausparent  crystals,  with  well-formed  planes,  and  double 
refraction  of  light,  are  sometinaes  obtained. 

It  is  less  soluble  in  water  than  cane  sugar,  requiring  l\  times  i 
its  own  weight  of  this  solvent  for  solution  at  the  ordinary 
temperature.  In  boiling  water  it  is  soluble  in  all  proportions. 
It  tastes  less  sweet  than  cane  sugar,  and  2|  parts  of  the  former  are 
required  to  equally  sweeten  the  same  bulk  of  fluid  as  one  p*irt  of 
the  latter. 

The  crystals  contain  a  molecule  of  water,  being  C^jH^^O^ 
+  Hp,  which  they  lose  at  100^  fusing  at  the  same  time.  At 
140'  another  loss  of  three  molecules  of  water  and  simultaneous 
doubling  of  the  sugar  molecule  transforms  grape  sugar  into 
caramel,  0,^11^0^, 
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Grape  sugar,  like  cane  sugar,  uaitas  with  bases,  but  is  easily 
coloured  brown  and  decomposed  while  thus  iinitiDg.  The 
liarpim  compound  of  the  foniuila  2(O^HjjOJBa  is  obtained  in 
the  fonu  of  a  Wiikj  white  precipitate  by  mixing  together  solutions 
in  dilute  alcohol  of  grape  8Ugar  and  of  baryta.  A  ba^ic  com- 
biuRtion  with  le^id  is  obtained  by  precipitating  a  solution  of  sugar 
by  lead  acetate  and  ammonia,  its  fommla  is  2(CgH^i04) 
Pb  +  2FbO. 

A  eompnund  of  grape  sugar  with  sodic  chloride  of  the  fonnula 
2(CcHi20^)NaCl+Hp  (Cdloud,  *'Joiirn.  d,  Phami/*  11, 
562)  foniis  in  int^pissated  diabetic  urine.  It  may  also  he 
obtained  by  slowly  evaporating  a  solution  of  gnipe  sugar, 
saturated  with  sodic  chloride*  and  by  mixing  moderately  con- 
centrated solutions  of  one  molecule  of  sodic  chloride  with  two 
molecules  of  grape  sugar  and  gently  evaporating  the  mixture ;  it 
crystallisas  in  hard,  colourless,  six-sided  double  p>Tamids  ;  if  an 
excess  of  sodic  chloride  has  been  taken,  this  crystallises  first  from 
the  solution.  As  the  soluti(Ui  has  to  stand  a  long  time  before  the 
crystals  are  fully  formed,  sonie  niycelia  are  generally  found  on 
its  surface  ;  to  the  fibres  oi  these  perfect  crystals  are  often  found 
suspended.  The  compound  is  so  pure  that  it  can  be  used  for 
controlling  the  strength  of  Fehling*s  solution  instead  of  pure 
grape  sugar. 

Grape  sugar  is  not  inilueuced  by  dUnte  acids,  and  not 
blackened  by  concentrated  sulphuric  acid.  If  grape  sugar  dried 
at  a  temperature  of  100"'  is  mixed  with  one  and  a  half  times  its 
weight  of  concentrated  sulphuric  acid,  it  dissolves  and  forms 
with  the  acid  a  combination  which  is  an  acid  itself,  and  has  been 
called  sulpho-saccharic  acid.  This  may  be  dissolved  in  water, 
and  freed  from  excess  of  uncoml lined  sulphuric  acid  by  carbonate 
of  barynm.  The  addition  of  basic  acetate  of  lead  to  the  filtrate 
precipitates  sulpho-saccharate  of  lead,  which  by  decomposition 
with  sulphuretted  hydrogen  yields  sulpho-saccharic  acid,  a  sub- 
stance which  easily  undei^oes  decomposition. 

Grape  sugar  combines  with  the  oxydes  of  metals.  The  com- 
pounds are,  however,  very  changeabla  Thus  grape  sugar  com- 
bines with  hydrated  oxyde  of  copper  to  form  an  insoluble  com- 
jxjund.  On  adding  to  10  c.c.  of  a  2  per  cent,  solution  of  grape 
sugar  2  to  3  ac.  of  a  Bohitiou  of  caustic  soda  of  1*32  sp,  gr., 
diluting  with  water,  and  then  adding  cupric  sulphate 
to  the  mixture  while  constantly  stirring  it  until  the  liquid  has 
only  a  feebly  alkaline  reaction,  a  bluish-green  precipitate  is 
obtained  which  contiins  all  the  sugar  and  all  the  copper  oxyde 
added.  It  can  be  washed  with  water  and  decomposed  by 
hydrothion,  Tronimer  s  test,  tberelbre,  as  originally  used,  con- 
sisted of  two  phases,  the  first  being  formation  of  a  compound  of 
sugar  with  cupric  oxyde  hydrate,  the  second  resolution  of  this 
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oompoimd  is  caustic  alkali  and  redaction  of  the  copper  by  the 
sugar.  In  the  presence  of  bases  it  is  ea&ily  oxydiseid,  absorbs 
oxygen  from  the  air,  and  assumes  a  brown  colour.  Thus  when  a 
aolution  of  grape  sugar,  diabetic  nrine  for  example^te  heated  with 
a  solution  of  caustic  potash,  the  mixture  becomes  brown  at  a 
temperature  of  from  60"*  to  70°«  aud  a  smell  of  burned  sugar  is 
being  evolv^ed.  Two  acids,  fflucic  and  mdangic,  are  produced  by 
this  process. 

When  the  oxydes  of  several  metals  (copper,  mercury,  sUver^ 
gold,  or  bismuth)  in  the  form  of  salts  are  brought  in  contact  with 
solutions  of  grape  sugar  in  a  higher  temperature,  a  reduction  of 
the  oxyde  to  a  lower  oxyde  or  to  metal  t^es  place. 

Two  reduction  testa  in  particular  are  of  importance  for  the 
qualitative  discovery  and  quantitative  determination  of  diabetic 
sugar  iu  urine,  the  tests  with  bismuth  and  with  copper 

When  diabetic  urine,  or  any  other  solution  of  grape  sugar,  is 
mixed  with  an  equal  volume  of  a  solution  of  carbonate  of  sodium 
(made  of  three  parts  of  water  and  one  part  of  crystallised  carbon- 
ate of  sodium)  and  a  pinch  of  basic  nitrate  of  bismuth  is  added 
aud  the  mixture  heated  to  ebullition,  the  bismuth  becomes  grey 
or  blackish  ironi  the  formation  of  suboxyde  of,  or  metallic^ 
bismuth.  If  the  process  be  watched  attentively,  the  yellow 
oxyde  of  biBmutb  is  discovered  as  a  transition  stage.  This  test 
is  very  easy  and  delicate,  and  very  true  in  its  application  to 
urine,  as  none  of  the  ordinary  normal  or  pathological  constituents 
of  that  fluid  have  the  same  influence  upon  the  bismuth  salt. 

On  adding  to  a  solution  of  grape  sugar  some  caustic  potash,  and 
afterwards,  by  drops,  a  dilute  solution  of  sidphate  of  copper,  a 
dark  fluid  is  formed  aud,  after  a  few  seconds,  a  precipitate  of 
hydrated  suboxyde  of  copper  ensues.  On  heating  the  mixture  to 
ebullition,  a  discoloration  of  the  fluid  takes  place,  and  all  the 
copper  is  precipitated  in  the  form  of  red  suboxyde.  A  fluid 
containing  one  hundred-thousandth  part  of  its  own  weight  of 
grape  sugar,  when  treated  with  caustic  potash  and  a  few  drops  of 
solution  of  sulphate  of  copper,  yet  yields  a  perceptible  reil 
precipitate  on  boiling.  If  a  fluid  contains  one-millionth  part  of 
its  own  weight  of  grape  sugar,  the  test  is  suiBciently  delicate  to 
give  the  fluid  a  reddish  appearance,  provided  the  fluid  be  in  a 
thick  layer  (two  or  three  inches  in  diameter),  and  properly 
jlliiminated. 

The  tests  with  caustic  potash,  bismuth,  copper,  and  the 
analysis  by  optical  means,  fumbh  all  evidence  to  be  desired  for  the 
identification  and  determination  of  the  quantity  of  grape  sugar. 

Grape  sugar,  when  brought  into  contact  with  ferments,  under- 
goes a  series  of  decompositions,  of  which  the  following  are  tbe 
most  importimt  and  bast  known  :— 

Vinou$  Fcrmmiaium. — A  faintly  itcid  solution  of  grape  sugar. 
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when  brought   into  coBtnct   with   yeast,  or  putrefying  matter, 
yields  alcohol  and  carbonic  acid — 

CAA^2(C3H,0^f2CO,, 

This  test  wrb  fonnerly  used  for  detennining  the  qimntifcy  of 
sugar  in  diabetic  urine,  &c.  A  known  quantity  of  .solution  was 
mixed  with  yeast,  and  the  carbonic  acid,  after  pivssing  through 
sulphuric  acid  for  the  purpose  of  i-etaining  all  the  water,  was 
allowed  to  escape.  From  the  loss  of  weight  in  the  apparatus,  tho 
amount  of  carbonic  acid  and  its  equivalent  of  sugar  was  deter- 
mined by  calculation.  The  experiment,  however,  requires  too 
much  time  (three  days)  and  too  much  attention,  and  the  repeatefl 
n.se  of  the  balance  ;  and  if  applied  to  urine  becomes  unsafe,  m 
other  matters  besides  sugar  are  decomposed  under  the  inHuence 
of  ferment,  so  that  it  hiis  been  entirely  abandoned 

Roberts  hm  endeavoured  to  revive  this  method  in  another 
shape,  for  which  he  claims  the  twin  advantages  of  ease  and 
accuracy.  He  ferments  diabetic  urine  with  yeast,  but  instead 
of  measuring  or  weighing  the  carbonic  acid  evolved,  or  the 
alcohol  formed,  he  observes  the  specific  gravity  of  the  urine 
before  and  after  fermentation,  and  from  the  difference  calculateR 
the  quantity  of  sugar.  In  this  process  a  diid>etic  urine,  having 
from  1035  to  1050  sp.  gr.,  may  change  its  gn  to  1009,  1002,  or 
even  below  1000  if  it  contained  much  sugar.  In  practice  the 
figure  expressing  the  density  lost  is  multiplied  by  the  coefficient 
0  23  (found  empirically)  :  the  product  expresses  sugar  in 
per  cents,  of  urine  ("Mem,  Manchester  Lit  and  Philos.  Soc." 
I860;  **Edinb.  Monthl  Journ."  October.  1B6I ;  see  also 
Manassein,  '*  JJeutsch,  Archiv.  Klin,  Med,"  10,  73).  The 
following  test  for  sugar  of  Pmtesi  (*' Imparziale,"  July  1,  1873) 
may  perhaps  be  made  useful  for  clinical  purposes : — A  solution  i.s 
liiade  of  60  parts  of  concentrated  silicate  of  potash,  two  parts  of 
potassic  dichromate,  and  2*5  parts  caustic  potash,  all  mixed  in 
water*  Of  this  mixture  a  small  quantity  is  poured  on  the  ends 
of  small  cuttings  of  block  tin,  and  the  drops  are  dried  at  a  gentle 
heat ;  this  is  repeated  on  each  cutting  at  least  three  timei^.  This 
dry  reagent  slip  will  keep  good  for  mouths.  A  drop  of  the  urine 
to  be  tested  for  sugar  is  placed  upon  the  slip,  and  slightly 
warmed.  If  sugar  be  present,  the  spot  where  the  reagent  was 
deposited  will  become  green. 

LaHic  Acid  Fermenfatmi. — In  an  alkaline  solution  and 
in  contact  with  putrefying  matters,  grape  sugar  is  tmnsfonned 
into  lactic  acid,  CjjH^Oj,  which  possesses  the  same  elementary 
composition  as  grape  sugar,  but  only  half  its  molecular 
weight. 

Viscous  Femuntatian,—!]  ndev  certain  not  well -defined  condi- 
tiona,  sugar  is  transformed  into  mannite  and  a  viscous  gimi<like 
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substance.    This  fermentation  may  be  sometimes  produced   in 
diabetic  urine  by  allowing  it  to  stand  in  a  stoppered  bottle. 

QuantUative  EBtiviation  of  Grape,  Sngar  hif  Volumetrical  Afialyms^ 

This  analysis,  based  upon  the  copper  reduction  test  of 
Trommer,  received  its  present  perfection  at  the  hands  of  Fehling 
(*'Jouni.  d.  Fharm."  6,  301)»  By  adding  a  solution  of  grape 
sugar  of  known  strength  to  an  alkahne  solution  of  copper 
of  known  sti'en^h,  until  the  hitter  is  perfectly  decomposed,  it  is 
found  that  one  molecule  of  grape  sugar  decomposes  fivemoleculas 
of  sulphate  of  copper,  or  18U  parts  of  grape  sugar  decompose 
1246'8  parts  of  sulphate  of  copper,  or  5  paits  of  grape  sugar 
decompose  3464  parts  of  sulphate  of  cojiper.  If»  therefore, 
34*64  grm,  of  sulphate  of  csopper  are  dissolved  in  one  litre  of  fluid, 
100  c.c.  of  the  latter  correspond  to  0"5  grm,  of  gnipe  sugar.  The 
fluid  is  prepared  in  the  following  maoner: — 

Preparation  of  Tt&t-Fluid. — 34'64  grm.  of  pure  air-dry 
sulphate  of  copper  are  diBSolved  in  160  gmi,  of  distilled  water. 
In  the  one-litre  mixing-bottle  150  gmi.  of  neutral  tartrate  of 
potash  are  dissolved  in  from  GOO  to  700  c.c,  of  solution  of  caustic 
soda  of  1'12  apeuilic  gravity  :  to  this  the  solution  of  copper  is 
added  gradually,  and  then  the  bottle  is  filled  up  to  the  litre 
mark  with  distilled  water. 

Application  of  the  Fhiid. — A  known  bulk  (10  c.c.)  of  this  fluid 
(of  which  100  c.c,  when  completely  reduced,  indicate  the  oxyda- 
tion  of  05  grm,  of  grape  sugar)  is  put  into  a  capacious  porcelain 
dish,  diluted  with  a  large  quantity  of  water»  say  four  times  its 
bulk,  and  heated  to  nearly  the  boiling  point  The  imne,  which 
has  been  diluted  with  ten  or  twenty  times  its  volume  of  water, 
according  to  the  quantity  of  i^ugar  which  may  he  estimated  to  be 
contained  in  it,  and  has  been  filled  into  the  burette,  is  now 
allowed  to  flow  into  the  boiling  solution  of  copper.  The 
suboxyde  of  copper  is  at  once  precipitated,  and  its  red  colour  im- 
parts to  the  blue  fluid  a  greenish-brown  colour,  which  gradually, 
under  the  cautious  addition  of  more  sugar  solutionis  transformed 
into  a  burning  red.  At  the  same  time  the  blue  colour  of  the 
mixture  is  fast  disappearing,  and  when  it  has  become  quite 
colourless  the  reaction  is  complete.  Towards  the  end  of  the  reac- 
tion great  care  is  required  not  to  add  an  excess  of  the  diabetic 
urine,  as  the  analysis  would  thereby  become  useless.  The  addi- 
tion of  urine  in  drops  may  be  continued  as  long  as  it  produces  a 
light  yellow  cloud  on  the  surface  of  the  fluid.  This  is  newly- 
formed  hydrate  of  the  suboxyde,  which  becomes  at  once  trans- 
fonned  into  the  anhydrous  red  variety.  As  soon  as  the  urine  on 
being  dropped  in  ceases  to  produce  a  fresh  cloud,  it  is  necessary 
to  remove  the  fhmie  from  underueath  the  dish,  and  to  allow  the 
precipitate  to  deposit.     If  the  fluid  appears  quite  colourless,  the 
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reaction  is  complete.  If,  however,  the  slightest  bhie  tiiigo 
remains  visible  oti  the  white  porcelain  dish,  then  the  addition 
of  another  drop  of  the  urine,  and  another  ebullition,  is  almost  sure 
to  remove  it ;  and  so  on  until  the  completion  of  the  reaction  is 
attained  The  amount  of  urine  which  corresponds  to  tlie  known 
amount  of  copper  solution  of  known  strength  is  now  read  off  the 
scale  on  the  burette,  and  from  it  the  amount  of  .sugar  in  the  urine 
used,  and  that  secreted  within  a  certain  period  of  time,  is  now 
ascertained  by  calculation.  If  therefore  10  ex.  of  the  copper 
solution  have  been  taken,  the  amount  of  urine  used  for  tlie  reduc- 
tion contains  005  gmi.  of  grape  sugar. 

The  copper  solution  becomes  decomposed  by  keeping,  a  part  of 
the  t4irtaric  acid  being  transformed  into  racemic  acid,  which  also 
reduces  the  oxyde  of  copper  on  boiling.  If  therefore  the  gradu- 
ated test-Huid  has  been  kept  for  some  time,  it  is  necessary 
to  ascertain  whether  it  has  fomieda  precipitate  in  the  bottle,  and 
whether  it  is  precipitated  by  boiling.  In  the  former  case  it  may 
be  cleared  by  filtration,  and  afterwards  regraduated  upon  a  solu- 
tion of  sugar  of  known  strength.  If,  however,  it  fonns  a  precipi- 
tate on  boiling,  it  is  spoiled,  and  must  be  thrown  away. 

Opt  ical  Saccharimetri/. 

An  accurate  method  of  ascertaining  the  presence  and  quantity 
of  sugar  in  solutions  is  based  upon  the  optical  properties  of  these 
solutions.  Cane  sugar  and  grape  sugar  divert  towards  the  right 
the  plane  of  polarisation.  If  therefore  a  fluid  contains  either  of 
these  descriptions  of  sugar,  and  no  other  active  substance,  the 
quantity  of  sugar  in  solution  may  be  ascertained  by  measuring 
the  degree  of  diversion  which  the  tlutd  exerts  upon  the  plane  of 
polarisation.  For  this  experiment  a  polarimeter  is  employed. 
There  are  various  fomis  of  this  instnmient.  I  here  describe  those 
only  which  are  either  the  most  handy  or  the  most  accurate,  and 
first,  that  of  Biot  and  Soleil.  as  improved  by  Milscherlich. 

Before  proceeding  to  determine  the  amount  of  sugar  in  a  solu- 
tion of  grape  sugar  (urine),  it  is  necessary  to  make  sm'e  that  the 
zero  point  of  the  apparatus  be  accurately  detenniiied.  This  is 
the  case  when,  after  the  empty  tube  has  been  put  in  its  place, 
and  the  ligbt  of  a  lamp  has  been  placed  an  inch  or  two  behind 
the  posterior  aperture  of  the  apparatus,  and  in  the  axis  of  the 
tube,  the  posterior  ajK^rture  appears  perfectly  dark — almost 
black — to  the  eye  looking  in  at  the  anterior  aperture.  If  the 
index  which  moves  upon  the  graduated  circle  surrounding  the 
anterior  aperture  is  now  being  moved  from  zero  towards  the  right 
or  left  hand  side,  the  posterior  aperture  becomes  gradually 
lighted  up,  until  at  last  it  becomes  quite  a  bright  circle,  the  light 
being  most  intense  when  the  hand  shows  90"  on  the  graduated 
disk,  either  on  the  right  or  left.     On  going  back  again  from  90" 
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to  zero,  the  observer  will  find  that  the  posterior  aperture,  even 
though  the  baud  be  exactly  at  zero,  is  faintly  lighted  up  at  two 
opposite  margins,  and  that  the  diameter  of  the  circle,  which  runs 
parallel  with  the  faintly  ilhiniinated  margins,  is  the  darkest  part 
of  the  circle  or  spectrum,  and  appears  intensely  black.  This 
blackest  part  must  exactly  divide  the  spectrum  into  two  equal 
halves,  when  the  hand  indicates  zero :  the  apparatus  is  then  ready 
for  use. 

If  the  tube  is  now  tilled  with  a  colourless  solution  of  sugar 
(diabetic  urine  is  mostly  quite  colourless,  aud  sc-art'oly  ever 
requires  treatment  with  animal  charcoal,  but  mostly  filtration}^ 
and  put  into  its  former  place,  the  spectrum,  which  was  black 
before,  wHll  now  appear  illuminated  in  colours,  which,  when  the 
hand  is  again  turned  from  zero  tcj  90\  appear  in  the  following 
succession  :   yellow,  green,  blue,  violet,  red, 

The  formerly  darkest  line  of  the  spectrum  corresponds  now  to 
the  line  where  the  violet  and  blue  colour  change  into  each  other, 
and  tliis  line  is  the  zero  point  for  quantitative  determinations. 

A  little  pmctice  will  soon  accustom  the  eye  to  determine  the 
point  at  which  the  spectnim  is  divided  into  two  equal  halves,  of 
which  the  one  is  violet,  the  other  blue,  and  each  colour  of  about 
the  same  intensity. 

In  case  it  is  necessary  to  turn  the  hand  towards  the  right  in 
order  to  obtain  the  above  succession  of  colours,  tlien  the  fluid  is 
said  to  divert  towards  the  right  the  plane  of  polarisation,  or  turn 
towards  the  right  a  pencil  of  p<ilari«ed  light ;  this  effect  is 
obtained  by  a  solution  of  grape  sugar,  dextrose,  or  sacchftriae 
urine.  In  the  contmry  cn^a,  the  plane  of  polarisation  is  said  to 
be  diverted  towards  the  left;  this  effect  is  obtained  with  fruit 
sugar  or  levulose.  The  angle  in  which  the  hand  htis  to  l>e  turned 
is  proportionate  to  the  concentration  of  the  fluid  and  the  length 
of  the  colimm  through  which  the  polarised  light  has  to  pa^s,  viz.^ 
to  the  length  of  the  tube  in  the  apparatus.  In  Milscherlich's 
apparatus  the  length  of  the  tube  is  200  millimetres. 

Supposing  a  fluid  of  a  certain  concentration  to  be  put  into  the 
tube,  the  h^ind  standing  at  zero,  and  that  in  order  to  see  one-half 
of  the  spectrum  violet,  the  other  red,  a  rotation  of  the  hand  of 
40*"  be  required,  then  the  same  fluid  in  a  tube  of  half  the  length 
would  turn  tlie  hand  only  to  20*^. 

On  the  other  hand,  if  15  grm,  of  sugar  be  dissolved  in  any 
certain  quantity  of  water,  and  the  solution  he  poured  into  the 
tube  80  as  to  fill  it ;  and  if  then  the  hand  be  turned  until  the 
colours  of  the  zero  point  appear^ — for  -which  we  will  assume  a 
rotation  of  15*  to  be  requisite — then  a  solution  of  30  gun.  of 
sugar  in  the  same  quantity  of  water  as  the  15  gnn.  were 
dissolved  in,  when  filled  into  the  tube,  will  require  exactly 
double  the  rotation,  namely  30^  for  the  test  colours  to  appear 
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It  has  been  found  by  accurate  experiments  that  15  grm,  of 
pure  aud  dry  grape  sugar,  when  dissolved  in  so  much  water  that 
the  solution  aniounta  to  exactly  50  c.c,  will  make  a  fluid 
a  column  of  which.  200  millimetres  in  lengtli,  Vvill  turn  the  plane 
of  polarisation  40"  towards  the  right. 

fjpon  the  basis  of  this  experiment  it  is  easy  to  determine  the 
amount  of  sugar  in  any  fluid.  Supposing  the  above  tube,  full  of 
bright,  faintly  yellow  diabetic  urine,  requires  a  movement  of  the 
band  from  0  to  30,  then 

40  :  30  =  15:  a:;  x=  1125 


which,  in  words,  means  that  with  a  rotation  of  30"  there  are 
11*25  grm.  of  sugar  contained  in  5U  c,c.  of  this  diabetic  urine. 
Another  equation  shows  the  amount  of  sugar  contained  in  the 
urine  passed  during  a  certain  length  of  time. 

JdkH's  Fdtmmeter, — The  most  accurate  polarimeter  extant  is 
the  one  which  was  invented  some  years  ago  by  Mr  J.  H.  Jellett, 
Professor  of  Natural  Philosophy  in  the  University  of  Dublin 
("  Proceedings  of  the  Poyal  Irish  Academy,"  vol.  7).  As  the 
polariacopes  ordinarily  in  use  do  not  allow  an  observation  of  rota- 
tion in  liquids  contEiining  less  than  02  per  cent  of  sugar,  but  as 
Jellett's  polariacope  enabled  rotation  to  be  determined  with  liquids 
containing  as  little  as  0*01  per  cent*  of  sugar,  the  instnmient  can 
truly  be  said  to  Ije  twenty  times  more  accurate  than  those 
ordinarily  in  use. 

In  determining  the  plane  of  polarisation  of  a  ray  by  means  of 
the  ordinary  NicoFs  prism,  the  observer  is  required  to  arrest  the 
rotation  of  the  prism  at  the  point  at  which  the  intensity  of  the 
transmitted  light  is  at  a  minimum.  But  it  is  difficult  to  do  this 
with  very  great  aceumcy,  inasmuch  as  the  observer  is  obliged  to 
compare  a  shade  of  colour  not  with  any  other  shade  which  is 
before  his  eyes  at  the  same  instant,  but  with  his  recollection  of 
a  shade  observed  at  the  previous  instant.  To  insure  any  tolerable 
degree  of  accuracy  the  observation  njust  be  made  very  rapidly,  so 
that  the  eye  may  receive  the  new  impression  while  the  former 
one  is  still  quite  fresh  in  the  memory.  The  difficulty  of  doing 
this  with  accuracy  in  any  case  is  obvious,  but  it  is  most  felt  in 
experunenting  on  light  reflected  or  transmitted  by  fluids.  For 
here  it  is  impossible  to  touch  the  instrument  without  producing 
a  tremulous  motion  in  the  fluid,  and  therefore  in  the  image 
reflected  or  transmitted  ;  and  this  motion  while  it  lasts  renders 
accurate  observation  very  diflicult.  But  if  the  rotation  of  the 
analysing  prism  be  stopped  for  a  snflicient  length  of  time  to  allow 
this  motion  to  cease,  the  recollection  of  the  previously  existing 
tint  will  no  longer  be  so  fresli  as  to  allow  the  comparison  to  be 
made  with  any   very   great   exactness.     The  difficulty  will  be 
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increased,  as  is  easily  seen,  when  there  is  any  aiuouni  of  elliptic 
pularifiatioD  ia  the  light  whidi  is  to  be  examitied. 

The  remedy  for  this  difficulty  Jijllett  sought  in  the  constnictiaii 
of  au  analyser  in  which  the  tints  compared  should  be  simul- 
taneous, not  consecutive.  The  donlde  quart z  plate  of  Aragu 
was  an  attempt  to  realise  this  conception.  It  has,  however,  no 
gimilarity  in  principle  to,  and  does  not  approaeli  in  accuracy,  the 
following  iostrumeut  deWscd  for  this  piirj:M3se  : — 

A  rhombic  prism  uf  Iceland  spar,  whose  longitudinal 
should  have  a  length  of  about  two  inches,  ur  a  little  more,  is  eat 

by  two  planes  peqiendicular  to 
those  edges,  so  as  to  form  a  right 
prism,  as  in  the  engraving  (%.,!.) 
This  prison  is  next  divided  by 
a  plane  S  8'  B,  parallel  to  the 
edges  and  making  a  small  angle 
with  the  longer  diagonal  of  the 
terminal  face  D'  I>  ;  one  of  the 
two  part^  into  which  the  prism 

Fia.  i^^Primu  (1).    Fio.  l-Pmrn  (2).  ^  ^^^^^  ^^'1*1^^  ^1^^^^  reversed. 

so  as  to  place  the  base  upper- 
most ;  the  two  parts  are  cemented  together,  as  in  fig.  2,  with  the 
surfaces  uf  section  in  contact,  and  tlia  ends  of  the  prism  thus 
funned  are  then  ground  and  polished. 

Now  it  ia  evident  from  the  construction  of  the  prism,  that  if 
two  rays  of  light  parallel  to  the  axis  be  made  to  traverse  the  two 
parts  of  the  prism  respectively,  the  lines 
of  separation  of  the  ordinary  and  ex- 
traordinary images  in  these  tw^o  parts 
will  be  C  A,  C  A'  (fig.  3) ;  and  as  the 
angle  between  the  plane  of  section  and 
the  longer  diagonal  is  small,  the  angle 
A  C  A  is  nearly  180°.  Hence  the  ex- 
traordinary refractions  in  the  two  parts 
ai'e  in  nearly  opposite  directions ;  and 
if  the  end  at  wiiich  the  light  is  ad- 
mitted be  so  cliosen  that  tliese  refractions 
shall  be  fivm  the  plane  of  section,  the 
sepamtion  of  the  images  will  be  nearly 
doubled 

Now  suppose  a  circular  beam  of  plane 
llEii;^  pohu^sed  light  to  traverse  the  prism  in 

a  direction  parallel  to  the  sides,  and  so  '" 
to  be  equally  divided  l>y  the  plane  of  section,  the  emergent ' 
will  consist  of  three  separate  portd,  viz.,  (1)  a  circular 
O  C  O'  (fig.  3),  formed  by  the  union  of  the  two  oi-dinary  beams 
(2)  two  semicircular  extraonlinary  beams,  E  E'.     If,  then,  the  size 
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of  tte  incident  beam  be  suitably  detennined,  these  latter  may  be 
completely  separated  from  the  ordinary  beam,  so  as  to  admit  of 
their  being  stopped  by  a  diaphragm  which  allows  the  ordinary 
beam  to  pass ;  the  instrument  will  then  transmit  a  single  beam 
of  plane  polarised  light 

The  planes  of  polarisation  of  the  two  parts  into  which  the  beam 
is  divided  by  the  plane  of  section  are  inclined  to  each  other  at  an 
angle  somewhat  less  than  double  the  angle  DCS  (fig.  1). 
Suppose,  then,  that  the  plane  of  the  paper  being  perpendicular  to 
the  beam,  the  traces  of  these  planes  of  polarisation  are  represented 
by  A  B,  A'  B'  (fig.  4),  and  let  C  P  and  p,,,  ^ 

C  F  be  perpendicular  to  these  lines 
respectively.  Let  C  p  be  the  plane  of 
polarisation  of  the  ray  to  be  examined. 

Then  so  long  as  there  is  any  diflfer- 
ence  between  the  angles  P  C  p,  F  C  p, 
the  intensities  of  the  two  parts  of  the 

beam  will  be  different,  and  conversely,  yiq.  4.-.Diagram  of  angles  of 
if  these  intensities  be  equal,  it  is  evident  planes  of  polarisation  m  Jel- 
that  the  required  plane  of  polarisation  l«t's  Polariscope. 
will  bisect  the  angle  P  C  F.  The  prism  must  therefore  be  turned 
on  its  axis  until  the  equality  of  tints  be  established,  and  when  this 
is  done,  the  position  C  p  of  the  plane  of  polarisation  is  known.  It 
is  not,  liowever,  necessary  to  determine  the  position  of  the  planes 
P  C,  P'  C.  The  observer  commences  by  transmitting  a  beam  whose 
plane  of  polarisation  is  known,  and  turning  the  analysing  prism 
until  the  tints  become  equal.  The  beam  whose  plane  is  required 
is  then  introduced,  and  when  the  equality  of  tints  has  been  re- 
estabished,  the  angle  through  which  the  prism  has  revolved,  read 
off*  on  a  graduated  circle,  gives  the  inclination  of  the  requii*ed 
plane  to  the  known  plane.  This  mode  of  determining  the  zero, 
a  process  which  for  perfect  accuracy  ought  to  be  repeated  with 
each  new  set  of  observations,  possesses  the  advantage  of  elimina- 
ting the  personal  equation  of  the  observer.  In  examining  a  beam 
of  any  considerable  magnitude,  there  will  be  found  in  different 
persons  a  tendency  to  think  one  part  of  the  image  darker  than 
another,  even  when  there  is  no  real  difference.  With  different 
observers,  and  even  in  the  same  person  at  different  times,  the  part 
of  the  image  thus  preferred  may  be  different,  and  if  the  zero  were 
determined  once  for  all  this  might  occasion  sensible  error.  But 
as  in  the  method  here  given  such  a  preference  will  equally  affect 
the  position  of  the  zero,  it  can  have  no  influence  on  the  final 
result. 

In  the  first  prism  which  Jellett  caused  to  be  constructed  the 
angle  between  the  planes  C  P,  C  F  was  about  7°.  With  this 
prism  the  range  of  error  in  the  determination  of  a  plane  of  polar- 
isation was  7',  the  light  employed  being  the  diffused  light  of  thd 
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8olar  light  and  a  prism  in  which  the  planes  are  still  closer, 
a  greater  degree  of  accuracy  may  certainly  be  obtained ;  in  fact 
it  can  be  shown  that  by  diminishing  this  angle  and  increasing 
the  brightness  of  the  light,  so  as  to  preserve  unchanged  the 
intensity  of  the  image,  the  sensibility  of  the  prism  will  vary  as 

cot.  o  >  ^  being  the  angle  in  question. 

The  prism  here  described  is  fixed  in  the  eyepiece  or  analyser 
of  the  apparatus,  the  general  aspect  of  which  is  given  in 
the  accompanying  fig.  5.  But  while  the  rotation  of  the  prism 
necessary  for  determining  the  zero  point  is  effected  by  little  screws 
fixed  to  the  tube  a  little  below  the  ring  by  which  the  eyepiece  is 
fixed  to  the  beam  on  which  the  axis  of  the  instrument  is  carried, 
the  mechanical  rotation  of  the  analyser  for  the  finding  of  any 
particular  plane  is  altogether  dispensed  with,  and  this  function  is 
transferred  to  a  fluid  which  has  the  power  of  turning  the  plane 
of  polarisation  in  a  direction  opposite  to  that  which  it  is  intended 
to  determine  in  the  casual  observation.    This  fluid  may  be  any 


Fig.  6. — Jellett's  Polariscope — Section. 

polarising  solution  of  stationary  power.  In  the  present 
instrument,  however,  right  or  left  turning  spirit  of  turpentine  is 
used.  Of  this  polarising  turpentine  the  rotating  index  per  inch, 
tenths,  or  hundredths  of  an  inch  is  ascertained  as  expressed  in  per 
cents,  of  sugar  contained  in  solution  in  the  analysing  tube.  The 
analysing  tube  dips  into  and  moves  up  and  down  in  the  turpen- 
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tine  itself.    This  arrangement  will  be  more  intelligible  by  the 
aid  of  fig.  6. 

The  order  of  events  in  an  actual  analysiB  tiow  is  as  follows  ; — 
(1.)  Finding  of  the  zero  point,  A  beam  ul  parallel  liglit  produced 
in  tlie  closed  box  at  the  end  of  the  api>amtu8,  by  means  of  the 
oxyhydrogen-calcium  light  and  a  ccraipouDd  condenser,  is  thrown 
in  the  direction  of  the  optical  axis  of  the  apparatus.  It  passes 
first  througli  the  polarising  prism.  The  polarised  beam  then 
enters  the  bottom  of  the  turpentine  bottle.  The  long  tube  con- 
taining water  is  pushed  down  to  the  bottom  of  the  turpentine 
bottle,  until  its  glass  plate  rests  upon  the  plain  surface  of  the 
inside  of  the  tiirpeatinc  bottle.  The  arrow  of  ihe  indicator  is 
placed  upon  the  zero  point  of  the  scale  attached  to  the  side  (of 
which  a  portion  is  i-epi-esented  in  tig.  (3),  and  the  analysing  eye- 
piece is  now  turned  until  the  tints  of  the  half-circles  of  it6 
picture  are  equab  (2.)  Findmg  of  the  ijukx  of  the  tnrpeiithie  ax 
e^pre^ed  in  per  ccnU.  of  svfjin\  The  tube  containing  water,  and 
intended  to  contain  the  fluid  to  be  analysed,  is  now  tilled  with  a 
solution  of  dextrose  sugar  containing  10  per  cent,  of  sugar, 
whicli  turns  the  phme  of  polarisation  to  the  right.  If  the  tube 
be  replaced  as  before,  the  tints  of  the  picture  in  the  analyser  will 
now  be  uneijual  The  tube  carrying  the  sugar  solution  is  now 
raised  upwards  by  means  of  the  milled-headed  wheel,  until  the 
tints  of  the  two  halves  of  the  picture  in  the  analyser  ai'e  again 
equal.  By  that  means  a  column  of  oil  of  turpentine  (turning  to 
the  left)  will  have  been  interposed  between  the  sugar  solution 
and  the  polariser  (as  shown  in  fig.  G),  which  turns  the  plane  of 
polarisation  as  much  to  tlie  left,  as  the  tube  full  of  ten  percentic 
sugar  solution  turns  the  plane  of  polarisation  to  the  right.  Both 
polarisations  will  have  corn|>letely  neutralised  each  other.  Sup- 
posing the  arrow  stand  upon  I  of  the  scale,  then  a  column  of  our 
inch  of  left-turning  turpentine  has  been  required  to  neutralise 
the  polarisation  of  a  soluLiun  of  10  per  cent,  of  sugar  in  the  tube. 
If  now  a  solution  containing  either  more  or  less  sugar  be  placed 
into  the  tube,  a  longer  or  shorter  column  of  turpentine  will  be 
required  to  neutralise  its  eftects.  And  as  the  effect  of  a  column  of 
one  inch  (in  the  above  example)  is  known  to  indicate  10  per  cent, 
the  effect  of  any  length,  or  its  sugur  indication,  can  be  found  by 
the  equation  1  :  \i}  —  t  \  j\  in  which  t  is  the  length  of  the 
turpentine  column  measured  on  the  scale,  and  x  the  percentage 
of  sugar  contained  in  the  problematical  fluid  in  the  tube.  I  have 
not  entered  into  minor  details  of  the  construction  of  this 
apparatus,  such  as  the  chain  in  connection  with  the  milled  wheel 
by  which  the  closed  tube  is  Uioved  up  and  down  in  the 
turpentine  bottle,  or  the  long  lever  attached  to  the  milled  wheel 
for  delicate  adjustment.  These  must  be  studied  upon  the 
apparatus  it6elf,and  like  the  entire  apparatus  itself  will  be  found 
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to  leave  nothing  to  be  desired  iu  respect  of  meclmuism.  No 
otlier  polarimeter  approaches  this  instrument  in  accuracy  for 
saccharometrical  purposes,  as  with  care  it  indicates  001  per 
cent  of  sugar.  But  its  disadvantages  are  that  it  requires  power- 
ful artificial  light,  that  it  is  cumbrous  and  complicated  and  must 
be  skilFullj  managed,  and  that  it  caunot  yet  Ijti  made  to  indicate 
the  polarisation  of  any  particular  ray  of  light,  say  the  yellow  or 
the  green,  and  it  will  probably  be  better  not  to  attempt  to  com- 
plicate it  with  any  arrangemeut  for  that  purpose, 

JViiifs  Polarunckr. — This  instrument,  repi-esented  in  tig.  7,  is 
very  handy  for  general  purposes  in  which  only  approximative 
results  are  required.     It  is  held  by  the  hand  at  K,  and  A  is 


Pi(i,  7 . — WiM*i  Poliirimetcr. 

directed  towards  the  diffuse  light  of  the  sky,  or  a  white  cloud,  a 
candle,  lamp,  or  gaslight,  while  the  eye  is  applied  at  F,  At  A 
the  tube  contains  a  Nicors  prism.  At  B  a  Savart'a  polariscope 
is  fixed  consisting  of  thick  pieces  of  quartz  with  intermediate 
lenses  and  a  wire  cross  of  the  shape  represented  in  fig.  8.  The 
eyepiece  F  carries  a  second  Nicol  s  prism,  which  tnrns  with  the 
disk  E,  carrying  the  division  of  the  circle  on  its  circumference. 
For  the  greater  convenience  of  manipulatiou  a  lever  G  is  fixed  in 
the  disk.  The  zero  point  and  nonius  are  immovable  at  D,  and 
B  C  is  the  arrangement  by  which  the  handle  is  fixed  to  the 
instniment.  I  is  a  black  disk,  intended  to  further  screen  the  eye 
from  the  direct  light,  and  H  is  the  tube  in  which  the  fluid  to  be 
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examined  is  placed    When  the  eye  receives  the  trausmitiecl 
light  of  the  apparatus,  while  the  di\ided  circle  is  in  any  position 

except  those   where  0°,  90"", 


Fio.  S.— Wires  and  Field  of  WiUrs 
Polfirimet«r. 


180',  270^  are  exactly  inci- 
dent with  the  zero  mark  of 
D,  then  a  picture  sketched 
in  the  left-band  circle  of  fig, 
8  is  seen,  consisting  of  striie 
of  interference  running  hori- 
zontally through  the  entire 
field  of  vision,  Bui  when  0". 
90^  180^or  27U'  are  placed 
exactly  upon  the  zero  point  at 
1>,  the  transverse  stria.^  are  not  visible  in  the  middle  of  the  field, 
where  now  the  wire-cross  alone  is  visible,  as  represented  in  the 
right-hand  circle  of  fig,  8.  If  now  the  tube  X  is  filled  with  any 
fluid  possessing  the  property  of  circular  polarisation,  and  is 
placed  into  the  position  iudicated  in  the  engraving,  and  if  at  the 
same  time  the  zero  point  at  D  is  made  coincident  with  0°  of  the 
rotatinj^  disk,  the  stri*e  of  interference  will  be  visible,  and  will 
only  disappear  after  the  disk  E  has  been  turned  a  little  to  the 
right  or  to  the  left.  In  ca.«ie  the  fluid  contained  in  the  tube  H 
causes  a  rotation  above  5°,  the  stride  of  interference  only  become 
weaker,  but  do  not  disappear  entirely  from  the  middle  of  the  field 
of  vision  in  any  position.  If  the  rotation  was  lei^  than  5"*,  and 
the  point  has  been  attained  at  which,  as  in  fig.  8,  II.,  the  inter- 
ference strise  in  the  middle  cif  the  field  of  vision  have  disappeared, 
the  observer  may  read  the  amount  of  rotation  towards  the  left  or 
right  side  which  the  fluid  has  effected  by  reference  to  the 
acala 

In  case  the  rotation  of  the  tiuid  amounts  to  more  than  5^  it  is 
advantageous  to  employ  monochromatic  light  for  determining  the 
amount  of  polarisation.  This  may  be  done  simply  by  fixing  a 
plate  of  red  glass  before  the  aperture  A,  or  using  as  the  source  of 
light  a  spirit  flame  the  wick  of  which  has  been  drenched  with 
common  salt.  With  such  light  the  stria*  by  interference  dis- 
appear at  a  certain  position  of  the  analyser,  may  the  rotation  be 
ever  so  great. 

On  the  AUe^jed  Occurrence  of  Sugar  in  Kormal  Urine, 

It  was  originally  stated  by  Briickc  that  all  normal  urine  con- 
tained grape  sugar,  Tliis  view  was  supported  by  Bence  Jones 
("  Journ.  Chem  Soc/*  1862),  notwithstanding  that  he  had  been 
obliged  to  denounce  one  of  the  analytical  methods  adopted  by 
Briicke  as  useless.  Ktihne  ("  Physiol.  Chem/*  p.  516)  accepted 
the  statement  as  proved»and  fortified  it  by  a  variety  of  additions. 
In  consequence  the  proposition  was  accepted  by  many,  notwith- 
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slaudiag  the  opposition  of  Friedliinder,  Wiederhold,  Meissner, 
and  Babo  ("  Zeitschn  ration.  Med,"  {'6)  vol  2),  who  showed  by 
further  experiments  the  invalidity  of  the  alleged  proofs  of 
Briicke. 

A  similar  state  of  things  ensued  with  regard  to  the  stateiueDt 
l^y  Briicke,  that  under  certain  physiological  conditions,  snch  as 
the  process  of  lactation  ia  women,  or  under  the  influence  of 
drugs,  even  more  sugar  was  excreted  in  the  urine  than  in  health  ; 
tliis  allegation  was  controverted  by  Leeonte. 

The  entire  question  was  in  the  year  1871  subjei:Uid  to 
a  thorongh  examination  by  8eegen  (*' Sitzb.  d,  k*  Akad.  d. 
Wissensch,"  Vienna,  June  1871).  He  tested*  the  value  and 
delicacy  of  each  of  the  commonly  employed  methods  for  showing 
the  presence,  or  isolating,  or  estimating  the  qunutity  of  sugar  in 
urine,  and  came  to  the  conclusion  that  tbu  statements  of  Briicke, 
Bence  Jones,  and  Kiihne  were  a  Beries  of  fallacies,  and  that 
normal  hunum  urine  contained  no  sugar. 

Seegen  first  diseusses  the  value  of  Fehling*s  proceeding,  and 
gives  it,  in  general,  preference  to  all  others.  When  a  notable 
quantity  of  sugar  ie  present  in  the  urine  to  be  tested  he  admits 
the  reaction  to  he  immediate  and  final  But  when  sugar  is 
present  only  in  small  qiumtity,  the  test  becomes  less  striking,  in 
this,  that  although  a  reduction  of  the  copper  evidently  takes 
place,  no  cuprous  oxyde  ia  precipitated.  The  particidar  features 
of  the  partial  failure  of  the  test  Seegen  describes  as  follows  i — 
(a)  The  fluid  becomes  tnrhid  on  hoilingj  and  changes  colour  to 
dirty  green  or  dirty  yellow ;  (b)  the  blue  Huid  becomes  yellow  or 
brown,  and  only  after  some  standing  a  slight  turbidity  ensues — 
it  becomes  dieliroic,  being  dirty  yellowish-green  in  retlected,  and 
brown  in  transmitted,  light ;  (r)  the  blue  fluid  becomes  ^vine- 
yellow,  but  remains  clear  and  transparent^ — on  standing  it 
deposits  flaky  phosphates  coloured  slightly  yellow  or  reddish- 
brown  by  cuprous  oxyde. 

Seegen  further  says  that  when  urine  contains  leas  than  half  i\ 
per  cent,  of  sugar  it  cannot  any  longer  be  determined  quantita- 
tively with  accuracy  by  Febling's  fluid  ;  in  some  cases  even  urine 
containing  one  per  cent,  cannot  be  quantitatively  examined. 
For  the  cuprie  solution  on  nddition  of  urine  becomes  first  of  a 
dirty  gi'een  colour,  then  a  yellow  or  a  brown  pi-ecipititte  forms 
which  remains  suspended  in  the  fluid  ;  the  fluid  does  not  become 
clear  even  after  seveml  houi-s  of  standing ;  the  limit  of  the  reac- 
tion, namely,  the  disappearance  of  the  blue  colour,  cannot  be 
ascertained. 

This  peculiarity  had  been  observed  by  Seegen  in  the  urine  of 
diabetic  patients  whose  condition  had  been  improved  by  appro- 
priate diet.  As  long  as  the  patients  excreted  urine  with  from  3 
to  5  per  cent  of  sugar  the  urine  could  be  diluted  tenfold  with 
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water,  and  thus  containing  only  0*3  to  0'5  per  ceoL  of  sogiz 
very  exact  results  with  FehlJiig's  liquid.  Bat  when  the  nriiie 
originally  only  contained  from  OZ  to  0*5  per  cent  sugar,  tbeo 
this  undiluted  urine  gave  the  turbid  reaction  which  made  qoaii- 
titative  analysis  impossible  Further,  urine  f  '  Pieties  who 
excreted  large  quantities  of  fluid  gave  the  m*  o  reaetiOD, 

while  urine  from  patients  who  excreted  a  small  amount  gave  tbe 
turbid  fluid  Seegen  attributes  this  effect  to  the  nofnial 
constituents  of  urine  in  concentrated  solution :  it  is  dimioialied 
or  annihilated  by  dilution  with  water.  Based  upon  a  series  of 
experiments^  he  denies  the  correctness  of  the  surmises  of 
Winpgradoff  (Vlrchow's  "  Archiv."  27)  and  of  Kuhne,  that 
the  complete  deposition  and  even  formation  of  cuprous  oxyde  in 
some  fonns  of  diabetic  urine  was  prevented  by  a  particular 
pathological  ingredient,  which  neither  could  define*  The  body 
or  bodies  which  cause  this  disturbance  it  is  at  present  impossible 
to  define ;  suspicion  is  directed  towards  the  extractive  matters  ; 
kreatinine  in  concentrated  solution  keeps  red  oxyde  of  copper  in 
solution  ;  anuiionia,  however,  has  no  share  in  the  effect 

With  proper  dilution  0  0U17  gmi.  sugar  dissolved  in  5,  c.c.  of 
liquid  could  yet  be  shown  to  form  suboxyde,  and  to  make  the 
urine  turbid  Nonual  urine,  to  which  003  per  cent  sugar 
had  been  added  did  not  give  a  distinct  turbidity  with  Fehling's 
test.  Normal  urine  by  itself  does  not  do  this,  and  there- 
fore Seegen  rejects  the  statement  of  Kiihne,  that  normal  urine 
contained  as  much  as  O'l  per  cent,  of  sugar.  If  any  at  all 
be  present,  tbe  sugar  in  normal  urine  must  be  less  than  0*03  per 
cent  Seegen  then  confirms  the  reducing  effect  upon  copper 
solution  of  uric  acid,  already  studied  accurately  by  Meissner  and 
Bttbo  {loe,  cU,y  0  OOSgrm.  uric  acid,  dissolved  in  10  cc  of  water* 
produce  a  red  deposit  in  Fehling's  liquid.  Uric  acid  crystaU  and 
urates  direct  from  urine  do  the  same.  Urine  which  is  rich  in 
uric  acid  undergoes  the  change  described  above  under  (b).  The 
e.x tract! ves  prevent  the  deposition  of  the  cuprous  oxyde  formed 
by  uric  acid  in  the  same  manner  as  they  prevent  the  completion 
of  the  reaction  from  sugar  in  the  forms  of  diabetes  with  small 
excretion  of  water. 

The  trisnitrate  of  bismuth  and  soda  test  is  not  a  delicate  test 
for  small  quantities,  and  cannot  be  applied  for  quantitative 
estimation  at  alK  Tlie  caustic  pot4ish  test,  by  formation  of 
caramel,  &c.,  the  brown  colour  and  characteristic  odour,  is  also 
not  applicable  to  quantitative  detenninations,  and  does  not 
indicate  %vith  certainty  email  quantities. 

Huizinga's  (Pfliiger's  ^^Archiv/'  1870.  Heft  10  and  11) 
modification  of  Hagar's  mode  of  showing  the  presence  of  sugar  in 
normal  urine  by  treating  it  first  with  mercurous  nitrate,  then 
with  sodic  chloride,  and  lastly  with  hydrochloric  and  molybdic 
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acid,  ami  rt^lyiug  upon  the  reduction  of  the  latter  to  molybdate 
of  molybdic  oxyde,  which  is  blue,  is  shown  by  Seegen  to  be  a 
mere  fallacy.  Many  other  organic  matters  contained  in  urine, 
€ff,,  acetic  acid,  effect  the  same  reduction. 

In  his  discussion  of  the  cayjabilities  of  the  optical  method  uf 
estimating  sugar  quantitatively,  Seegen  comes  to  the  conclusion, 
that  even  in  urine  which  has  been  decolorised  by  animal  charcoal 
a  ([uautity  of  sugar  which  is  below  02  to  U'3  per  cent,  cannot  be 
any  longer  estimated.  This  can,  however,  be  admitted  only  for 
the  more  common  and  coarse  sort  of  polarinieters,  as  it  has  been 
shown  atmve  that  Jellett  s  polariscope  will  yet  indicate  rotations 
corresponding  to  0  01  per  cent,  of  sugar.  He  then  passes  over  to 
the  consideration  of  the  fermentation  test,  and  its  various 
adaptatiuns  to  quantitative  estinaations,  notably  the  estimation 
of  the  carbonic  acid  evolved  by  weighing  as  well  as  by  volume. 
Concentrated  urine  retarded  or  stopped  the  fermentation :  in 
dilute  urine  it  proceeded  as  in  water;  but  sometimes  move 
carbonic  acid  was  obtained  than  corresponded  to  the  sugar 
present  in  the  fennenting  liquid.  The  yeast  alone  w^as  able  to 
cause  the  evolution  of  some  carbonic  acid  from  urine.  Con- 
sequently Seegen  considers  the  fermentatiou  test  as  not  capable 
to  show*  the  presence  of  small  quantities  of  sugar  in  urine,  Bence 
Jones,  Huizinga,  and  Lieben  ("Ann.  Chem/'  1870)  have  relied 
upon  showing  the  presence  of  alcohol  in  urine  treated  with  yeast 
as  a  test  for  the  previous  presence  of  sugnr.  Beuce  Jones  tested 
the  distillate  with  chromic  acid,  Lieben  with  the  iodoform  test 
These  testa  are  void  by  two  taltacii^s — first,  yeast  always  yields  a 
little  alcohol  on  distillation  by  itself;  secondly,  urine  always 
contains  a  matter  which  is  not  alcohol,  and  yet  gives  the  chromic 
acid  and  the  iodoform  reaction. 

In  view  of  the  impossibility  of  proving  the  presence  of  sugar 
in  normal  urine  by  reactions  carried  out  in  the  presence  of  the 
ingredients  of  the  urine,  Brlicke  endeavoured  to  isolate  the 
uupposed  sugar  by  two  methods,  one  known  as  the  sugar  potash 
process  (**  Sitzb,  d  k.  Akad  d.  Wissenschaft,'*  vol.  29),  and  the 
other  as  the  lead  process  {ibid.  vol.  30,  p.  10),  He  added  four 
part^  absolute  alcohol  to  one  part  of  urine,  and  then  an  alcoholic 
solution  of  caustic  potash  until  the  liquid  was  alkaline  ;  the 
deposits  w^hich  crystallised  after  twenty-four  hours  he  assumed 
to  be  sugar  potash.  Seegen  showed  that  to  liquid  thus  prepared 
any  quantity  of  sugar  up  to  1  per  cent,  may  be  added,  and  yet 
the  deposit,  if  any  ensues,  will  not  contain  sugar ;  the  sugar 
remains  in  the  alkaline  alcohol ;  further,  sugar  potash  is  deposited 
only  from  alcohol  not  less  than  90  per  cent  strong,  is  not 
crystalline,  not  colourless,  but  appears  as  a  yellow  mass,  which 
on  exposure  to  air  quickly  becomes  a  brown  varnish.  The 
cr)'8talliDe  deposit  obtained-by  Briicke  may  have  been  urate,  as 
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it  reduced  copper  dilution,  Seegen  never  obtaiued  auy  crysUil- 
line,  Qnd  never  any  deposit  at  all  which  reduced  copper  solution. 
Even  after  evaporation  of  saccharine  urine,  and  extraction  with 
absolute  alcohol,  this  solution  gave  only  a  portion  of  the  sugar 
contained  as  sugar  potash.  Even  thus  modified  the  proce-ss 
C4innot  be  used  for  determining  sugar  quantitatively. 

Briicke's  lesid  process  in  the  following : — The  urine  is  precipi- 
tated with  neutral  plumbic  acetate,  the  filtmte  is  precipitated 
with  bisic  plumbic  acetate,  and  to  the  filtrate  ammonia  is  added. 
The  third  precipitate  is  said  to  contain  the  sugar  in  largest 
quantity,  but  the  basic  lead  precipitate  also  is  said  to  contain 
some.  Now,  as  basic  lead  acetate  produces  no  precipitate 
in  sugar  solution,  Briicke  assumes  that  the  urine  contains  a  sub- 
stance which  makes  such  a  precipitation  possible.  In  this 
manner  the  clear  logic  of  facts  is  perverted  by  the  most  gratui- 
tous assumptions. 

However,  Seegen  shows  that  neither  precipitate  yields  any 
»ugar.  Lehmann's  proceeding  of  making  sugar  f>otii3h  from 
alcohol  ex tmct,  dissolving  the  sugar  potash  in  water,  neutralising 
with  acetic  acid,  precipitating  with  plumbic  acetate,  decomposing 
with  hydrothion,  and  proving  presence  of  sugar  in  filtrate  gave 
no  better  residt.  When  Seegen  dissolved  0*5  grm,  of  sugar  in  a 
litre  of  urine,  he  could  recover  two-thirds  of  it  by  means 
of  ammoniacal  lead  precipitates  ;  but  8  litres  of  urine  gave 
a  completely  negative  result,  and  therefore  normal  urine  cannot 
contain  as  much  as  0006  per  cent,  of  sugar. 

In  his  paper  on  the  glycosuria  of  suckling  women  (;*  Wiener 
Med.  Wochenschr.'*),  Briicke  says,  that  although  the  nrine 
in  these  cases  gave  reactions  of  sugar,  he  could  sometimes  not 
obtain  sugar  }>otash  from  it.  This  he  explains  by  the  hypothesis 
that  the  urine  had  contained  a  substance  which  prevented  the 
precipitation  of  the  sugar  potash.  The  reader  will  remember  that 
when  the  basic  lead  acetate  precipitate  contained  a  reducing 
body,  this  was  caused  by  a  hypothetical  matter  which  propitiated 
an  otherwise  impossible  precipitation,  Seegen  shows  that 
neutral  plumbic  acetate  preci]»itated  no  uric  acid,  basic  acetate 
precipitated  most  uric  acid,  and  auinionia  added  to  the  filtrate  a 
little  in  combination  with  lead,  linickes  inducing  substance, 
which  he  supposes  to  be  sugar,  is  proved  to  be  uric  acid.  Thus 
falls  the  objection  which  Briicke  raised  to  the  purification  of  the 
urine  by  neutral  and  basic  lead  acetate  (nut  ammonia)  previously 
to  applying  any  optical  or  cliemical  test  for  sugar. 

Seegen  then  shows  the  fallacy  of  Bence  Jones*  proceeding, 
which  relied  upon  a  reduction  in  the  precipitate  by  ammonia  in 
tirine  alresuly  treated  by  neutral  and  basic  lead  acetata  If  his 
quantities  had  been  true  he  would  have  proved  the  presence  of 
only  0'0002  percent,  of  sugar  in  normal  urine. 
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Seegen  thus  arrives  at  the  following  conclusions  : — 

1.  There  is  no  reliable  reagent  for  proving  the  presence  in  urine 
of  very  small  quantities  of  sugar ;  substances  acting  analogously 
to  sugar  cannot  yet  all  be  excluded. 

2.  Therefore  all  assumptions  concerning  the  occurrence  in 
urine,  during  physiological  and  pathological  conditions,  of  small 
quantities  of  sugar  cannot  be  considered  as  proved  beyond 
doubt. 

3.  Normal  human  urine  does  not  contain  sugar  in  quantity 
sufficient  for  indubitable  proof  of  its  presence. 

4.  Normal  urine  contains  small  quantities  of  reducing  sub- 
stances. Whether  or  not  a  part  of  them  is  sugar  cannot  be 
determined  by  our  present  analytical  means. 

We  may  add  that  uric  acid  and  pyrocatechin  are  fully 
sufficient  to  explain  all  the  phenomena  obtained  by  the  lead 
precipitates. 

Seegen  then  gives  a  means  to  remove  the  uric  acid  from  urine, 
and  obtain  any  small  quantities  of  sugar  which  it  may  contain. 
The  urine  is  filtered  through  animal  charcoal  as  many  times  as 
may  be  necessary  to  decolorise  it.  The  filtrate  may  be  tested  by 
Fehling's  solution ;  it  is  free  from  uric  acid.  The  charcoal  retains 
the  uric  acid  and  some  sugar,  but  yields  the  greater  part  of  the 
latter  only  to  the  first  portion  of  water  brought  in  contact  with 
it.  In  this  Fehling's  solution  gives  the  reaction.  The  charcoal 
retains  some  sugar,  and  the  treatment  by  it  must  not  precede 
quantitative  determinations. 

Note  on  Artificial  Mdlituria  produced  on  Living  Animcds. — 
Since  the  discovery  by  Bernard  of  diabetes  by  brain  lesion, 
medical  literature  teems  with  relations  of  fanciful  experiments 
on  animals,  in  the  course  of  which  "  sugar  "  is  said  to  have  been 
excreted  in  the  urine  as  a  consequence  of  the  experimental  pro- 
ceeding. It  would  be  impossible  to  enumerate  them,  and  a 
waste  of  time  to  refute  any  of  these  crudities.  But  it  seems 
necessary  to  quote  a  few  examples  of  the  manner  in  which 
physiological  periodicals  are  stocked.  Bock  and  Hoffinann 
("  Archiv.  Anat.  und  Physiol."  Von  Eeichert  and  Du  Bois- 
Heymond,  1871, 550)  injected  salt  water  into  the  blood  of  rabbits, 
and  found  "  sugar  "  in  the  urine.  Albumen  also  appeared,  and 
later  dropsy.  Kiintzel  ("  Inaugur.  Diss."  Berlin,  1872)  then 
]iroduced  the  same  effects  by  a  number  of  other  salt  solutions. 
Klilz  (Eckhard's  "  Beitrage  zur  Anat.  und  Physiol."  Giessen,  vol. 
6  (1872),  Heft.  3)  could  not  confirm  the  Bock-Hoffmann  and 
Kiintzel  experiments,  when  he  tested  the  results,  probably  by  the 
light  of  the  criticisms  furnished  by  Seegen.  In  particular  he 
never  obtained  any  rotation  in  the  polarimeter.  But  he  obtained 
reduction  of  copper,  and  therefore  assumed  the  existence  of  an 
"  optically  inactive  sugar."    The  salts  which  produced  mellituria 
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J%e  (Trine  in  Diabeia  MMUmb. 

Tbo  UMxtrn'mg  aooount  of  the  geoenl  featoica  of  the  wriiie' 
diabelei  ia  collected  f fom  the  experience  of  ^eotaEata,  more  p«r-| 
tieularty  from  the  emay  of  Seegen  {"  Dct  Diabetes  M^Uiiua,'* 
LeiwEig,  1870> 

when  the  uriue  contaicis  appredable   qoaotities  of 
for  a  langtb  of  timOi  Ibe  oceanence  m  dtagnoatic  of  the 
knoirn  as  diabeiea  mellittui.     Of  tbb  diseaae  the  excretion  of 
iugar  10  the  moat  easential  aud  patent  result,  though  the  csanae 
of  the  pfeteoce  of  »iigar  in  the  blood  and  orgaiui  is  more  remote.^ 
and  at  present  not  explained.    The  excretion  of  sugar  is  thuM 
abo  the  most  important  symptom,  and  some  pathologists  are  of  fl 
opinion  that  all  other  eyraptouis  of  diabetes  are  only  ooneeqnaDceJB 
of  it,     T'         lantities  of  sujjar  excreted  in  such  cases  vary  from 
the  Biii  irtt  appreciable  amoants  to  600  grm,  in  twenty-four 

hours,  in  general  they  stand  in  direct  relation  to  meals,  so  that 
the  urins  containing  the  most  sugar  is  found  to  be  excreted  in 
from  three  to  four  hours  after  a  meal.  In  consequence  of  this 
relation  more  sugar  is  commonly  excreted  during  the  day  than 
durinff  the  night.  The  quantity  of  sugar  excreted  stands  in  a 
direct  iiroiK)rtion  to  the  nature  and  quantity  of  the  food  takeUifl 
Pure  aninml  food  will  cause  tbe  sugar  in  the  urine  to  fall  to  lesal 
than  1  per  cent,  while  starchy  aud  saccharine  food  will  cause  it 
to  rise  to  from  5  to  ^\  per  cent.,  in  extreme  cases  to  10  per  cent 
When  little  or  no  fooii  is  taken,  tjj.,  during  febrile  diseases,  the 
urine  of  otherwise  diabetic  patients  may  contain  no  sugar, 
or  give  only  doubtful  indications  of  its  presence.  This  may  also 
ha|>i)eii  witli  jjer«onH  who  present  only  a  mild  form  of  diabetes^ 
uud  whoMc;  uriue  (Iieii  contiiius  no  sugar  in  the  morning.  Thi 
mne  of  Huch  ]Hitienti  should  be  examined  from  three  to  fom 
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hours  after  a  meal  at  which  they  have  taken  saccharine  and 
amylaceous  food. 

With  regard  to  diabetes  it  is  particularly  necessary  to  observe 
the  rules  laid  down  in  the  first  chapter  of  this  treatise  concerning 
the  collection  of  the  total  of  the  urine  passed  in  twenty-four 
hours  and  analysis  of  an  average  specimen.  The  mere  percentage 
of  sugar  in  a  chance  specimen  of  urine  may  lead  to  erroneous 
views  regarding  the  prognosis  of  the  disease.  But  even  the 
observation  of  the  average  quantity  of  urine  and  sugar  contained  in 
it  during  twenty-four  hours  is  not  by  itself  sufficient  to  guide  to 
a  correct  appreciation  of  the  prospects  and  present  state  of  the 
patients ;  to  obtain  this  it  is  necessary  to  know  quantity  and 
nature  of  the  food  consumed  by  the  patient.  Thus  when  a  man 
excretes  daily  50  grm.  sugar,  while  he  is  strictly  on  a  meat  diet, 
his  condition  is  much  more  serious  than  that  of  a  man  who 
excretes  400  grm.  of  sugar  daily  while  taking  amylaceous  and 
saccharine  food. 

The  quantity  of  the  urine  secreted  is  almost  always  greatly 
increased,  and  this  symptom  causes  the  patient  to  relieve  himself 
more  frequwitly,  and  the  trouble  connected  with  this  necessity 
generally  first  directs  his  attention  to  his  complaint.  The  quan- 
tity of  urine  excreted  in  twenty-four  hours  may  amount  to  7  or 
8  litres  ;  most  diabetic  patients  dischai'ge  from  3  to  4  litres,  but 
an  almost  equal  number  excrete  not  much  more  than  healthy 
persons,  namely,  from  IJ  to  2  litres.  Generally  speaking,  the 
quantity  of  urine  stands  in  a  certain  ratio  to  the  amount  of  sugar 
excreted.  But  sometimes  the  quantity  of  urine  falls  while  the 
percentage  of  sugar  rises. 

There  are  cases  in  which  an  unusually  large  amount  of  urine 
is  excreted,  which  contains  only  very  little  sugar.  Thus  a 
patient  excreted  5600  c.c.  with  0*8  per  cent  sugar,  at  a  later 
period  the  urine  fell  to  4300  cc,  and  contained  only  traces  of 
sugar.  In  a  number  of  cases  of  diabetes  with  a  minimum  excre- 
tion of  sugar  no  increase  in  the  quantity  of  urine  is  observed, 
although  the  patients  have  a  frequent  desire  to  micturate.  In 
these  cases  it  is  assumed  that  the  sugar  contained  in  the  urine 
exerts  an  irritating  action  upon  the  bladder,  and  causes  its 
frequent  evacuation. 

In  many  cases  the  polyuria  seems  to  be  the  result  of  an  irrita- 
tion of  the  nerves  and  consequent  congestion  of  the  kidneys.  It 
has  been  shown  that  a  lesion  of  a  certain  part  of  the  fourth 
ventricle  of  the  brain,  which  is  situated  close  to  that  part  the 
lesion  of  which  produces  glycosuria,  does  produce  polyuria.  It 
is  therefore  probable  that  in  most  cases  of  diabetes  exhibiting 
polyuria  and  glycosuria  at  the  same  time,  both  these  localities  of 
the  fourth  ventricle  are  irritated  or  injured  at  the  same  time, 
while  in  cases  with  prominent  polyuria  and  little  sugar,  the  one 
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Tbo  cokMtr  of  the  iniiie  in  diabelea  of  a  high  degree  ts 
tligbt ;  it  iM  pale  yellow,  or  bat  a  greenish  tinge,  and  is  all 
moca  pale  at  it  b  perfectly  clear.  Bat  there  are  a  flood  many 
eaaeaof  diabolet  in  which  the  urine  baa  an  tntenady  dBrkcoloar, 
and  tbeae  are  moetly  mild  forms  unaccompanied  with  polyoiia. 
A  dark  amljer  or  generally  a  deeper  colour  apptoacfaing  the 
normal  may  be  oonsidered  a^  a  favourable  sign  with  i^^gud 
pfMnotia 

The  specific  giavtQr  of  the  urine  ia  almoet  always  very 
and  sometimes  rises  even  to  1060.    On  one  occasion 
obaenred  a  urine  with  10  per  cent,  of  sugar  which  showed  t 
gravity  1065*    However,  ordiaarily  the  average  specific 
of  the  diftbettc  urine  of  twenty-four  hours  fluctuates  betweei 
1030  and  1040.     The  specific  gravity  cannot  be  used  as  a  mean 
for  determining  the  quantity  of  sugar.     The  urine  of  diabetio] 
patients  is  always  acid  ;  and  this  reaction  is  not  easily  chac 
even  if  the  urine  is  allowed  to  stand  for  some  days. 

The  quantity  of  uric  acid  seems  to  be  small ;  rarely  it  exc 
0  G  gnu-  per  day.sometime.s  it  is  below  0-3  grm.     Such  quantitieil 
catniut  be  pn.^cipitated  from  large  volumes  of  water.     It  is  there- 
fore necessary  in  such  cases  to  condense  the  urine  of  twenty-four- 
houm  to  a  normal  bulk  in  order  to  obtain  data  which  can  befl 
r  Tirired  with  physiological  conditions.     When  a  diabetic  urina 
rk   and  (l**posits  urates,  it  indicates   a  mild    form  of   the 
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larger  quantities  of  albuminous  food  to  cover  the  deficiency 
arising  from  the  excretion  of  sugar  (Pettenkofer  and  Voit, 
"  Zeitschr.  f.  Biologie,"  voL  2,  Heft.  4 ;  voL  3,  Heft.  4).  When  a 
diabetic  person  eats  flesh  and  fat  in  due  proportion,  he  may,  as  in 
the  case  of  the  observers  just  quoted,  even  increase  in  weight  by 
retaining  some  of  the  ingested  albuminous  matters  in  his  body, 
and  adding  them  to  the  constituents  of  his  tissues.  There  is  no 
proportion  between  the  quantities  of  urea  and  sugar  excreted. 
On  the  contrary,  the  highest  amount  of  sugar  may  coincide  with 
the  lowest  quantity  of  urea,  and  the  reverse  may  happen.  The 
quantity  of  urea  is  in  direct  proportion  to  the  quantity  of 
albuminous  food  eaten,  and  the  quantity  of  sugar  is  in  direct 
proportion  to  the  quantity  of  amylon  and  sugar  eaten  with  the 
food.  To  this  rule  only  those  cases  of  diabetes  apparently  form 
an  exception  in  which,  notwithstanding  an  exclusively  albumin- 
ous diet,  relatively  large  quantities  of  sugar  are  produced  Such 
a  case  Seegen  terms  a  hyperproduction  of  amylon  and  respec- 
tively sugar  at  the  expense  of  the  albuminates. 

The  quantities  of  other  ingredients  of  diabetic  urine  have  been 
so  little  examined  that  no  general  statements  can  be  made 
regarding  them. 

In  some  cases  of  chronic  diabetes  albumen  appears  in  the 
urine ;  but  casts  of  the  tubules  as  in  idiopathic  kidney  disease 
seem  to  be  so  rare  in  these  cases,  that  the  albumen  of  diabetes 
seems  to  require  an  explanation  different  from  that  of  chronic 
nephritis.  A  case  of  diabetes  accompanying  paralysis  is  under 
my  observation,  in  which  the  urine  hcus  been  strongly  albuminous 
for  many  years,  without  the  disease  having  made  any  progress  ; 
there  are  no  casts  of  the  tubules,  and  no  oedema  ever  shows  itself. 
In  few  cases  only  is  there  a  coincidence  of  Bright's  disease  with 
diabetes. 
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of  turning  the  plane  of    polarisation  to  the  right,  like  grape 
sugar. 

Physiological  and  Pathological  Signijicarice  of  Dextrine, 

The  occurrence  of  dextrine  in  the  urine  of  a  previously  dia- 
betic patient  would  indicate  an  important  change  in  the  dis- 
eased function  ;  the  diseased  process  would  appear  to  be  arrested 
half  way ;  starch  would  be  only  isomerised,  but  not  hydrated. 
The  disease  would  indeed  have  to  be  considered  as  one  analogous 
to,  but  differing  from  saccharine  diabetes,  and  have  to  be 
described  as  diabetes  dextrinicus.  It  is  not  impossible  that 
this  modification  of  diabetes  may  occur  more  frequently, 
just  as  the  modification  does  sometimes  present  itself  in 
which  the  place  of  sugar  is  in  part  or  entirely  taken  up 
by  inosite.  Dextrine  has  been  found  in  the  blood,  in  the  juice 
of  flesh  (once  in  considerable  quantity  in  horse-flesh),  and  in  the 
Inngs  and  spleen.  Thus  it  is  proved  that  there  is  no  obstacle  to 
its  distribution  in  the  body.  We  must,  however,  wait  for  further 
observations  of  its  occurrence  in  urine,  in  support  of  those  of 
Eeichard,  before  we  can  assume  its  appearance  to  be  other  than  a 
sporadic  phenomenon. 


B«t  be  ifienranb  neospBed  tifce  I 
Willi  iaodte  ("  Ant  Chan.'*  101.  SO).  He 
iIm»  miiie  of  peooM  iriM>  wene  reported  to  be 
f  mn  diiliitai  niaDitiii.  II  wm  fenad  t^htm  nomol  i^gredieiil 
id  Uk  bfaiii  m  ntto  nd  utimtlf  (IfiOef,  ''Aiiii.  Cheoi.*'  103 
(1857),  1^1),  and  of  taaiiy  plaotB,  ffodi  a&  the  conmmi  cabbage, 
iiid  fimiuim^gmpm  (Uilfs^,  *  Ajul  Cbeta."  160,  333). 

Mode  0/ ObUdmimg, 

Tlmiimpliiif  td  extractof  flesh,  orof  any  of  the  organs  mentioned,  | 
fi<  f^e  hail  been  obtained*  is  mixed  with  dilate 

il  aU  barynm  is  precipitated ;  it  is  then  shaken 
iM;Vfrf  ui  Umm  With  ether  to  remove  volatile  acids  and  lactic  acid, 
tiuil  thereufmu  mixed  with  strong  spirit  until  it  becomes  tarbid. 
At  tinit  potash  salts  begin  to  crystallise,  which  may  be  removed^ 
but  III)  furtlilrt*  addition  of  spirit  inosite  cryBtaUises  ;  the  mother- 
lii|iiijr  in  nam  fumred  off,  the  crystals  are  separated  first  by  pick- 
In  '  ■  'by  difisolviiig  them  in  a  little  warm  water, 
i^l>  I r<  inDHitc  quicker  than  the  alkaline  salts,  and 
(liipntjilM  It  (irj  I'linliiig  ill  cryMtidH. 

I'jiiin  tho    brain    inrjeitc  in  Ltint  obtained  by  extracting  thai 
Imnluimd  ami  tuinnninuttt^l  hniin  with  hot  alcohol^  concentrating 
Dim  uii'obnlin  I'xtnirtH  ji^rudiiully  until  all  phosphoriaed  and  nitro- 

tjiiiid   inntlMirt  (kn|»lm|jiui,  inyeline,  lecithine,  cerebrine,  phre- 


kt^iiiMHin,  ant 


'liuhmtoriiit))  arc  deposited,  and  the  extract 
Thiw  nt>w  wateTj'  oxtmct  is  ti^ated  with 


I^OSITK. 


453 


eulpliiuic  acid  and  etlier  to  remove  lactic  and  other  acids. 
From  the  exhausted  liquid  the  eiilphuric  acid  is  removed  by 
caustic  barjrta.  To  the  alkaline  iiltmte  basic  lead  acetate  is  now 
added  as  long  as  a  precipitate  is  prodiict;d.  This  is  washed 
with  water,  dec^-jnipoeed  with  hydrothion,  and  evaporated  at  a 
gen  lie  heat;  when  it  ia  suliicictitly  concentrated,  absolute  alcohol 
is  added  until  the  mixture  is  turbid,  and  it  is  then  allowed  to  stand. 
Inosite  crystallises,  which  is  isolated  from  the  mostly  acid  mother- 
liquor,,  pressed  l>etween  folds  of  bibulous  paper,  ledissolved  in 
water,  boUed  with  a  little  animal  charcoal,  and  again  allowed  to 
crystallise  with  the  aid  of  alcohol  White  shining  crystals  in  the 
shape  of  needles  are  thus  obtained,  consiating  of  pure  ioosite. 
Anotlier  mode  of  isolating  inosite  has  been  described  by  Cooper 
Lane  ("Ann.  Chem/'  117,  118),  which  is,  however,  much  less 
convenient  and  certain  than  the  lead  process  just  described. 

Fhydcal  and  Chtinical  Properties. 

Crystallised  inosite  is  a  dihydrate,  C,jHi^0,3+  2HjO,  its 
forms  belong  to  the  klinorhombic  system,  the  typical  crystals 
being  probably  klinorectangular  prisms.  The  crystals  mostly 
group  themselves  together ;  more  rarely  they  are  single,  and  then 
become  sometimes  from  a  quarter  to  three-eighths  of  an  inch 
long.  When  exposed  to  the  air  they  decay  by  losing  water  of 
crystallisation,  and  in  vacuo  over  sulphuric  acid,  or  at  100" 
become  anhydrous.  They  taste  purely  sweet,  are  easily  soluble 
in  6  pails  of  water  of  \if,  little  soluble  instmng  spirit,  insoluble 
in  alcohol  or  ether  From  the  solution  iji  boiling  spirit,  almost 
the  whole  of  the  inosite  crj^stallises  on  cooling  in  small  glistening 
particles,  which  are  very  nmch  like  cholesterine.  It  has  no  effect 
upon  a  polarised  beam  of  light. 

Inosite  is  not  changed  by  boiling  with  dilute  sulphuric  or 
liydiocbloric  acicl,  or  with  caustic  alkali.  But  when  it  is  heated 
with  hydrochloric  acid  it  is  easily  transformed  into  an  uncrystal- 
lisable  matter.  Treated  with  highly-concentrated  nitric  and  sul- 
phuric acid  it  yields  hexauitrited  inosite,  C(,H-(NO*)^jOg,  a 
colourless  substance,  insoluble  in  water,  soluble  in  alcohoL  The 
motlier-liquor  of  this  body  contains  a  second  product,  trinitrited 
inosite,  C^HoCNOJaO^.  When  heated  above  21 0"^  it  fuses  to  a 
clear  fluid,  which,  when  cooled  down  rapidly,  crystallises  in 
needles^  but  when  allowed  to  cool  slowly,  sets  into  a  horn -like 
amorphous  mass.  When  exposed  to  a  stronger  heat,  inosite  burns 
with  a  lighting  flame,  without  lea\dng  any  residue. 

A  concentrated  solution  of  caustic  potash  produces  no  change 
of  colour  on  boiling  with  a  solution  of  inosite  ;  no  change  takes 
place  when  it  is  boiled  with  Fehling*8  solution ;  with  bOe  and 
sulphuiic  acid  inosite  does  not  yield  the  reaction  for  sugar.  It  is 
not  capable  of  undergoing  vinous  fermentation.    But  a  solution 
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of  it  treftled  with  rotten  cbeeee  and  ebalk  at  a  tempemture  of 
about  25"*  to  40"*  for  aome  lengtli  of  time  is  tranaformed  into 
lactic  acid,  which  expek  the  carbonie  add  of  the  chalk,  and 
as  hydrated  lactate  of  cdeiom,  canaes  the  mixture  to  become  a 
stiff  paste.  If  the  fermeataiion  is  allowed  to  continue  berond 
this  point,  the  lactate  is,  by  a  new  process  tiEtiaformed  partially 
or  entirely  into  butyrate. 

If  a  solution  of  inosite,  or  a  mixture  containing  inosite,  is 
evaporated  in  a  platinum  spoon  to  near  dryness,  and  the  residue 
moistened  with  ammonia  and  aome  calcic  chloride,  and  then 
again  cautiously  evaporated  to  diynesa,  a  vivid  rosy  colour  is  pro- 
duced ;  this  reaction  admits  of  the  diagnoais  of  one-hftieth  of  a 
grain  of  inosita 

A  solution  of  inosite,  when  mixed  with  a  solution  of  basic  lead 
acetate,  forms,  immediately  on  warming,  slowly  at  the  ordinary 
temperature,  a  clear  transparent  gelatinous  mass,  which  undergoes 
no  change  when  kept  secluded  from  the  air.  It  is  this  compound 
by  the  formation  of  which  inosite  can  be  most  conveuiently  re- 
moved from  complicated  animal  liqni<is»  such  as  the  extracts  of 
organs  or  urine. 

The  lactic  acid  from  inosite  by  fermentation  is  mostly  the  ordi- 
nary^ lactic  acid,  the  lime  salt  of  which  contains  29*2207  per  cent 
of  water  of  crystallisation,  while  its  zinc  salt  contains  181781  per 
cent^  as  was  specially  proved  by  Vohl  (**  Ber.  Deutsch.  Chem." 
G,  9  (1876),  984).  but  is  perhaps  sometimes,  as  has  been  stated 
by  Hilger  ("  Ann-  Chem,"  1 60,  383),  sarcolactic  or  flesh  lactic 
acid,  whose  calcium  salt  contains  27*09  per  cent,  and  whose  zinc 
salt  contains  12  9011  per  cent  of  water  of  crystallisation.  A 
watery  solution  of  the  calcium  lactate  from  inosite,  when  treated 
with  an  excess  of  neutral  zinc  chloride,  gives  immediately  a 
heavy  crj'stalline  precipitate  of  zinc  lactate,  which  can  be  purihed 
by  repeated  recrystallisation  from  hot  water.  On  the  other 
hand,  a  cold  saturated  solution  of  sarcolactate  of  calcium  when 
treated  with  a  10  per  cent,  solution  of  neutral  zinc  chloride  never 
gives  a  precipitate  of  zinc  lactate.  By  this  reaction  the  two  forms 
of  lactic  acid  can  be'distin^uished  and  separated  from  each  other. 

The  lactic  acid  from  inosite,  when  distilled  with  a  mixture  of 
potassic  dichromate  and  sulphuric  acid,  yields  a  distillate  con- 
taining acetic  and  formic  acid.  The  residue  in  the  retort  con- 
taina  no  nialtmic  acid.  This  reaction  also  is  characteristic  of 
ordinary  lactic  acid  by  fermentation  {see  Notes  on  Sarcolactic 
Acid  by  Erlenmeyer,  '*Ann.  Chenx"  158,  262). 

Inosite  in  tfu  Uririt  (if  Dinhitw  Persons, 
(Uijiata  hail  fimnd  intmite  in  the  urine  of  a  patient  with^Bright's 
ul  Vohl  Lhnn  found  inosite  in  the  urine  of  persons  who 
>fictl   to  hnvti  recovered  from  grape   sugar  diabetes. 
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Klilz  examined  the  urine  from  eight  diabetic  persons,  but  could 
find  inosite  in  small  quantity  only  in  one.  He  then  caused  five 
diabetic  patients  to  eat  large  quantities  of  green  beans,  to  see 
whether  any  inosite  appeared  in  the  urine  after  this  diet  But 
none  appeared,  and  even  the  urine  of  the  patient,  who  had  before 
taking  to  bean  diet  excreted  a  little  inosite,  during  and  after 
the  diet  was  found  free  from  it. 

The  same  author  ("  Centralbl.  Med.  WissenscL"  1875.  Nr.  54) 
produced  so-called  diabetes  in  a  rabbit  by  injecting  into  its  jugu- 
lar vein  25  to  30  c.c.  of  a  solution  of  common  salt  in  water  every 
five  minutes  during  5^  hours,  so  that  the  rabbit  must  have 
received  into  its  circulation  1575  c.c.  of  fluid.  There  were 
obtained  1079  c.c.  of  urine,  from  which  32  milligrm.  of  inosite 
were  isolated. 

Grallois  reports  to  have  examined  the  urine  of  102  patients,  and 
to  have  found  inosite  in  7  of  them.  Out  of  these  102  there  were 
30  diabetes,  and  of  these  5  showed  varying  quantities  of  sugar 
besides  some  inosite,  out  of  25  cases  of  albuminuria  2  excreted 
some  inosite.  Gallois  relies  upon  the  following  test  for  the  iden- 
tification of  inosite  : — He  evaporates  the  liquid  to  be  tested  for 
inosite  in  a  porcelain  dish  to  the  bulk  of  a  few  drops,  and  then 
adds  a  small  drop  of  a  solution  of  mercuric  nitrate.  This  pro- 
duces a  yellowish  precipitate.  When  this  is  spread  as  far  as 
possible  over  the  surface  of  the  porcelain,  and  the  dish  is  further 
heated  with  great  caution,  there  remains  as  soon  as  all  fluid  is 
evaporated,  and  provided  that  no  excess  of  reagent  has  been 
added,  a  residue,  which  is  whitish-yellow  at  first,  but  soon  be- 
comes more  or  less  dark  red,  according  to  the  quantity  of  inosite 
present.  The  colour  disappears  when  the  dish  gets  cold,  but  re- 
appears on  reheating  it  gently.  The  reaction  is  not  produced  by 
uric  acid,  urea,  amylum,  milk  sugar,  mannite,  glykokoll,  taurine, 
cystine,  and  glykogen.  Albumen  assumes  a  rose  colour,  sugar 
becomes  black  under  the  reaction  (Gallois,  "  De  Tlnosurie,"  Paris, 
1864 ;  Schultzen,  "  Arch.  f.  Anat."  1863, 1, 23).  When  this  reac- 
tion is  instituted  with  pure  crystallised  inosite  from  brain,  no 
precipitate  is  produced,  but  the  pink  reaction  is  obtained  as  stated. 
A  minimum  of  mercuric  nitrate  is  required,  and  evaporation  on  the 
water-bath  makes  the  appearance  of  the  red  colour  more  secure.  If 
when  the  colour  has  appeared  the  dish  is  overheated  to  the 
slightest  degree,  the  mixture  undergoes  a  kind  of  sudden  decom- 
position, though  without  the  appearance  of  flame,  or  incan- 
descence, and  becomes  black. 
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saturated  with  Aths  of  carbonate  of  zina  The  crystallbed  zinc 
salt  is  theo  decoraposed  by  sulphuretted  hydrogen,  and  the 
filtrate  is  evaporated  by  heat,  lastly  in  vacuo.  The  lactic 
acid  thus  obtained  may  be  further  purified  by  solution  in  ether. 

Lactic  acid  is  also  formed  by  digesting  a  2  per  cent,  grape  sugar 
solution  with  a  piece  of  the  mucous  membrane  of  a  pig's  stomach 
at  30°  to  40",  But  whereas  in  the  former  process  the  lactic  acid 
obtained  is  always  the  optically  inactive  zymolactic  acid,  the 
acid  prepared  by  the  present  process  is  sometimes  entirely,  and 
in  about  half  the  preparation  contains  considerable  quantities  of 
the  optically  active  sarcolactic  acid.  They  may  be  separated  by 
fractional  crystallisation  of  their  zinc  salts  from  water  in  which 
sarcolactate  is  more  soluble  than  zymolactate.  (Maly,  "Ber. 
Deutsck  Chem."  G,  7  (1874),  1567). 

Liebiff's  Mdhod  of  Ohtainiiig  Lactic  Acid  front  the  Juice  of  Flc^* 
— The  mother-liquor  from  which  kreatine  has  crystallised  is  eva- 
porated a  little  more,  and  then  gradually  mixed  with  small  por- 
tions of  alcohol,  until  it  assumes  a  milky  turbidity.  After  a  few 
days*  standing  the  inosinates  have  cr}'3tallised.  The  mother- 
liquor  from  this  crystallisation  is  again  evaporated  in  the  water- 
bath,  and  the  residue  treated  with  alcohol,  which  dissolves  all 
the  lactates.  The  solution  is  separated  from  the  insoluble  syrup, 
and  the  alcohol  is  evaporated  to  a  s\TTipy  consistence.  This 
syrup  is  now  mixed  with  an  equal  volume  of  dilute  sulphuric 
acid  (composed  of  one  volume  of  concentrated  acid  and  two 
volumes  of  w^ater),  or  with  a  solution  of  oxalic  acid  of  equal 
strength  ;  of  the  latter  so  much  must  be  added  that  a  crystalline 
precipitate  ensues.  The  mixture  is  immediately  treated  with 
three  or  four  times  it«  volume  of  alcohol  The  sulphates  and 
oxalates  are  thereby  precipitated,  lactic  acid  remainiiig  in  solu- 
tion. To  this  solution  ether  ia  added,  until  the  addition  of  a  new 
portion  does  not  produce  a  fresh  turbidity.  The  precipitate  is 
separated  from  the  fluid  by  filtration,  the  filtrate  freed  from 
alcohol  and  ether  by  distillation  and  evaporated  on  the  water- 
bath  to  a  syrupy  consistence.  This  8}Tup  is  mLxed  with  half  its 
volume  of  alcohol,  and  then  five  times  its  volume  of  ether  is 
added,  whereby  an  almost  pure  solution  of  lactic  acid  in  ether  is 
obtained.  The  ether  is  evaporated,  the  residue  is  treated  with 
milk  of  lime  ;  the  lactate  of  lime  obtained  after  filtration  and 
evaporation  is  washed  with  alcohol,  and  by  recry stall isation, 
and,  if  necessary,  treatment  with  animal  charcoal,  is  obtained 
perfectly  pure.     From  it  lactic  acid  may  be  obtained  as  above. 

Wislicenus  ('*  Ann.  Chem,"  167  (1873),  304)  obtains  the  lactic 
acid  from  extract  of  flesh  as  follows  -. — ^One  part  of  extract  is 
dissolved  in  4  parts  of  warm  water,  and  to  the  solution  8  parts  of 
alcohol  of  90  per  cent,  strength  are  gradually  added.  The  alcoholic 
liquid  is  decanted  from  the  brown  precipitate.    The  latter  b 
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dissolved  once  more  io  2  parts  of  warm  water,  and  again  precipi- 
tated by  from  4  to  5  parts  of  alcoboL  The  united  alcoholic 
extracts  are  distilled  and  evaporated  to  a  thin  syrup.  Gradual 
addition  of  3  to  4  volumes  of  alcohol  now  produces  another 
precipitate,  which  is  removed.  The  solntion,  again  freed  from 
alcohol  by  distillation,  is  stfongly  acidified  with  dilute  sulphurioJ 
acid,  and  extracted  6  times  with  an  equal  volume  of  ether.  The 
ethereal  extracts  leave  on  distillation  the  lactic  acid,  mixed  with 
some  sulphuric  acid  and  impurities*  They  are  dissolved  in  a  little 
water,  and  boiled  with  some  lead  carbonate  ;  the  filtrate  is  treated 
with  hydro tbion ;  the  filtrate  from  the  lead  sulphide  is  boiled 
in  an  open  disb,  and  then  boiling  saturated  with  zinc  carbonate. 
The  clear  solution  of  the  zinc  salt  is  concentmted  until,  on  cool- 
ing, it  begins  to  deposit  crystals,  and  is  then  quickly  mixed  with 
from  4  to  5  times  its  volume  of  alcohol  of  90  per  cent.  ITie  mix- 
ture, clear  at  fii'st,  becomes  soon  turbid,  and  deposits  a  volumlnoua  \ 
pulp  of  minute  ciystals,  which  on  stirring  collect  to  a  denser 
deposit.  This  is  collected  on  the  filter,  washed  with  alcohol  and 
pressed*  The  alcoholic  filtrate  on  evaporation  leaves  a  yellow 
syrup,  from  wliich  some  cryst^illine  salt  is  deposited,  particularly 
if  absolute  alcohol  is  gradually  added.  In  this  latter  solvent 
the  zinc  salt  of  the  second  lactic  acid  dissolves,  which  ciystallisea 
only  with  great  difficulty,  and  has  formed  an  impurity  in  all 
preparations  of  sarcolactic  acid  described  and  handled  by  previous 
observers.  The  quantities  of  this  latter  salt  are  always  small  in 
comparison  to  those  of  the  crystallised  salt  if  American  extract 
is  used.  If  beef  whicb'has  been  hung  for  some  days  is  employed, 
more  of  this  second  lactic  acid  is  obtained.  The  relatively  largest 
quantities  are  obtained  from  pathic  collections  of  liquid  in  the  i 
human  and  animal  body.  The  crystallised  zinc  salt  must  be 
dissolved  in  water  and  precipitated  by  alcohol  repeatedly  to  free 
it  entirely  from  the  second  salt  By  decomposition  with 
hydrothion  the  free  sarcolactic  acid  is  obtained,  and  finally 
puri:fied  from  traces  of  zinc  salt  by  solution  in  ether.  In  this 
manner  100  parts  of  extract  of  flesh  yield  two  parts  of  pure  zinc 
salt. 

From  alanine,  which  is  commonly  considered  as  amido-propionic 
acid,  C^HjNOg,  lactic  acid  is  obtained  by  treatment  with  nitrous 
acid  in  watery  solution.  The  latter  jields  the  lactic  acid  to 
ether,  and  this  on  evaporation  leaves  the  acid  ready  for  trans- 
fonnation  into  zinc  salt.  This  reaction  exhibits  lactic  acid  a;* 
ox^'propionic  acid,  or  propionic  acid,  CgH^O^^,  in  which  an  atom 
of  hydrogen  is  substituted  by  hydroxyle,  C^HrtO^— H-f  HO^ 
C|^aO^  just  as  the  reaction  by  which  alanine  is  formed,  exhibits 
this  body  as  amido-propionic  acid,  C^H^Og—  H  +  NH^= C^H^NO^. 

Lactic  (sare<>lactic)  acid  is  also  obtained  by  the  same  process 
from  the  dinitrogenised  derivative  described  in  another  cnapter, 
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which  occurs  Id  normal  and  ahnornial  urine  of  man  and 
aiiinials. 

Mode  of  Ascertaining  the.  Presence  of  Ladi^r  Acid  in  Urine. — The 
urine  is  evaporated  on  the  water- hath  to  a  syrupy  consistence, 
and  the  residue  treated  with  an  alcoholic  solution  of  oxalic  acid. 
Oxalate  of  linie»  potash,  soda  and  urea,  are  thereby  pi-ecipitated  : 
the  solution  contains  hydrochloric,  phosphoric,  and  oxalic  acids, 
and,  if  any  be  pi^esent,  lactic  acid.  This  solution  is  now  tii^ated 
with  an  excess  of  hydrated  oxyde  of  lead,  and  the  precipitate  of 
cMoride,  phosphate,  oxalat^^,  and  the  excess  of  the  oxyde  of  lead 
is  separated  from  the  fluid  by  filtration.  The  fluid,  containiu*^ 
lactate  of  lead,  is  treated  with  hydrothion,  and  the  filtrate  after 
boiling  with  oxyde  of  ziuc  and  filtration,  on  evaporation  and 
staudmg,  yields  crystals  of  lactate  of  zinc.  From  this  different 
salts,  or  the  acid  itself,  may  he  prepared. 

In  consequence  of  the  extremely  minute  quantities  of  lactic 
acid  to  be  obtained  from  tlie  animal  fluids,  Lehmann  adopts  the 
following  method,  with  a  view  of  studying  the  forms  of  the 
different  salts  under  the  microscope*  The  impure  hxctic  acid 
from  the  alcoholic  extract  of  the  matters  treated  with  sulphuric 
or  oxalic  acid,  is  treated  with  baryta  water,  and  the  excess  of  the 
baryta  removed  by  carbonic  acid ;  the  solution  of  lactate  of 
baryta  is  evaporated  to  the  consistence  of  a  syrup,  treated  with 
alcohol,  filtered,  again  evaporated,  and  tlien  aUowed  to  stand  for 
some  time,  in  order  that  any  other  baiyta  salts  may  crystallise. 
If  butyric  acid  were  present  in  the  nriue,  it  woultl  at  this  sta^e 
be  obtained  from  the  solution.  The  filtrate,  or,  if  there  was  no 
crystallisatiou,  the  fluid,  is  dissolved  in  water,  and  decomposed 
with  a  solution  of  gypsum  ;  the  fluid  from  which  the  sulphate  of 
baryta  has  been  removed  by  filtration  is  strongly  concentrated, 
and,  on  examining  it  under  the  microscope,  the  double  bntshes 
of  lactate  of  lime  may  be  easily  distinguished  from  the  crj^stals 
of  g)T)sum.  On  dissolving  these  crystals  of  lactate  of  lime  in 
alcohol,  and  adding  sulphate  of  copper  to  tlie  alcoholic  solution, 
the  fluid,  after  standing  for  some  time  (iu  order  that  the  excess 
of  sulphate  of  copper  and  the  gypsum  that  is  formed  may 
separate  as  completely  as  possible),  is  evaporated  so  as  to 
crystallise,  and  the  crystals  of  lactate  of  copper  are  then  micro- 
scopically examined.  11^  by  the  above  process,  we  do  not  obtain 
distinct  and  measurable  crystals,  we  must  dissolve  the  residue 
in  a  little  water,  and,  after  boiling  it  to  remove  any  butyric  acid 
that  may  yet  remain  behind,  filter  and  concentrate  it.  Into  this 
concentrated  solution  of  lactate  of  copper  a  small  bar  of  zinc  is 
placed.  The  zinc  soon  becomes  covered  with  crystals  of  lactate 
of  ziuc,  which  may  be  identified  under  the  microscope.  If  an 
accurate  crj^stallometric  investigation  cannot  be  instituted,  we 
must  precipitate  the  solution  of  the  zinc  salt  with  a  boiling 
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8olation  of  potoeUnride  of  tin,  mud  allow  it  to  stand  for  some 
tima ;  on  men  makiDg  a  microBoopiical  examination,  we  shall 
find  dtuteia  of  crrstalft,  in  gnmps  of  thick  rbombic  platea,  lying 
dooe  ttpOQ  each  other.  The  deoMm^Mtitm  of  the  different  salts 
mar  tima  aerre  to  Aaw  Ibe  praaenoe  of  laetic  acid.  K  there  be 
snffldfliit  maletial,  tfia  alomia  weight  ahoold  be  determined  by 
an  elementaij  ana^rrai 

Moots  and  Muck  (L  c)  proceeded  as  fbOows : — The  firesh  onne 
was  made  feebfy  alkaline  with  milk  of  lime,  boiled,  filtered,  and 
eyaporated  in  the  water-bath  to  a  83rnipy  consistence.  The 
residue  was  extracted  with  alcohol,  and  the  filtrate  mixed  with 
dilute  f^ulphnric  add.  After  lemoval  of  the  gypsum,  the  filtrate 
was  much  ooncentnted^  and  then  mixed  with  water  and  zinc 
oxyda  Filtered  from  the  exc»B  of  the  zinc  oxyde  the  liquid 
was  evaporated,  and  from  the  residue  the  zinc  lactate 
extncted  by  alcohol  On  evaporation  of  the  solution 
were  obtained  which  were  fit  for  microscopic  examination. 

Schultzen  and  Riess  extract  the  lactic  acid  in  urine,  which 
occQTS  after  poisoning  with  phosphoms  as  follows  : — The  urii 
is  concentrated  on  the  water-bath,  and  while  hot  precipitated  witli 
alcohol  of  95  per  cent    The  alcoholic  solution  after  twentj^-fot 
hours  is  decanted  from  the  deposit,  evaporated  to  a  s}'nip,  acidified' 
with  dilute  sulphuric  acid,  and  fully  extracted  with  eEher.    The 
residue  from  the  ether  is  dissolved  in  water,  filtered,  precipit 
with  neutral  lead  acetate,  filtered ;  the  filtrate  is  treated  wit 
hydrothion,  filtered,  and  evaporated  repeatedly  to  expel 
acicL     The  colourless  liquid  so  obtained  is  satiu-ated  with  baryuiol 
carbonate,  filtered^  evaporated  to  a  sjrup  and  precipitated  by 
alcohol     The  pasty  mass  gradually  becomes  granular ;  its  wateiy  * 
solution  with  zinc  sulphate'gives  zinc  sarcolactate  in  cryata^l 
with  12-9  per  cent  of  water  of  crystallisation  and  26*74  per  cent. 
Zn, 

Physieal  and  Chemical  Properties 

Lactic  acid  is  a  colourless,  syrupy  liquid,  of  a  strongly  actdl 
Tto  specific  gravity  is  1*215.     It  is  soluble  in  any  proportions  ttt? 
water,  alcohol^nd  ether.     When  its  solution  in  water  is  heated,  a 
part  is  volatilised  with  the  vapours  of  water ;  the  greater  part 
of  the  acid,  however,  at  a  temperature  of  130°,  loses  half  a  mole- 
cule of  water,  and,  doubling  its  molecular  weight,  is  transformedJ 
into  the  anljydrous  modification,  which  on  cooling  solidifies  iut 
a   firm,  yellowish  mass  of   the   formula  C^Jlyfi^.     This   fu8e_ 
alreody  at  a  temperature  bdow  100'' ;  when  boiled  with  water  it" 
IxM'oiiies  t)(ain  converted  into  the  ordinary  hydrated  lactic  acid, 
11  the  acid  is  heated  to  260^  the  loss  of  a  molecule  of  waterj 

i^miforma  it  iato  laciide,  C^UX)^    This  sul>staiice  occurs  as  il 
imate,  and  from  its  alcoholic  solution  crystallises  in  white. 
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glistening,  rhombic  plates.  When  kept  in  contact  with  water  for 
some  time  it  is  alao  converted  into  lactic  acid  On  being  heated 
rapidly,  lactide  is  decomposed  into  aldehyde  and  carbonic 
oxyde. 

Wislicenus  (*' Ann  Chem/'  164,  181)  states  that  lactic  acid  of 
the  fonnula  C^H^Oj,  does  not  exist  as  a  pure  preparation,  and  that 
already  at  the  ordinary  teniperatnre  it  forms  anhydride  and 
lactide.  As  far  as  is  described  tlie  lactic  acid  specimens  ohtained 
from  the  different  sourceB  quoted  behave  as  if  they  were  one  and 
the  same  body.  But  on  further  inquiry,  particularly  l>y  means 
of  deconipositioii  and  the  analysis  of  calcium  and  zinc  salts  in 
their  hydrated  state,  it  is  found  tliat  the  lactic  acid  obtained  by 
the  fermentation  of  different  sugars  ditfers  from  the  lactic  acid 
contained  in  the  flesh ;  it  is  fiulher  maintained  that  the  acid 
obtained  from  the  flesh  consists  actually  of  at  least  two  lactic 
acids  ;  and  that  in  addition  there  is  a  fourth  lactic  acid  obtained 
by  chemical  synthesis.  The  lactic  acid  of  fermentation  can  be 
produced  from  the  lactic  acid  from  Hesh.  We  have  therefore 
here  to  deal  %^4th  an  important  case  of  isomerisra,  of  which  at 
least  two  terms  were  believed  to  be  well  understood.  The 
fennentation  lactic  acid  was  Raid  to  contain  the  radical  ethylene, 
and  was  therefore  also  termed  ethylene  lactic  acid ;  whereas 
the  fleshy  or  sarcolactic  acid,  was  said  to  contain  the  radical 
ethyhdene,  and  was  termed  ethylidene  lactic  acid*  The 
acid,  CpHgO^,  obtained  from  glycerin-iodopropionic  acid,  termed 
by  Hemtz  ethylene  lactic  acid,  althoiigli  isomeric  with  lactic, 
had  better  be  termed  hydracrylic  acid,  because  on  thermo- 
lysis it  decomposes  yielding  water  and  acrylic  acid  (Wisli- 
cenus, "Ann  Chem/'  166  (1873).  3),  By  oxydation  with 
silver  oxyde  it  yields  carbonic  acnd,  probably  carbacetoxylic, 
glykolic,  and  oxalic  acid,  but  not  glyceric  or  acetic ;  by  fusion 
with  caustic  alkali,  formic  and  acetic  acid.  The  synthetical 
ethylene  lactic  acid,  produced  from  ethylone  cyanhydrine,  can 
l>e  obtained  pure  with  very  great  difficulty  only,  as  its  salts 
scarcely  crystallise.  According  to  Wislicenus  this  acid  is 
identical  with  the  second  lactic  acid,  occurring  in  smaller  quantity 
in  the  mixture  of  two  lactic  acids  hitherto  termed  sarcolactic 
acid. 

The  lactic  acid  which  occurs  in  flesh  in  the  largest  quantity, 
and  yields  a  zinc  salt  with  2  molecules  and  a  calcixmi  salt  with 
4|  molecules  of  water  of  crystallisation,  is,  according  to 
Wislicenus,  ethylidene  lactic  acid.  Heintz  agrees  in  this  con- 
ception in  so  far  that  he  admits  a  part  of  the  sarcolactic  acid  to 
be  ethylidene  lactic  acid ;  but  another  part  lie  assumes  to  be 
(what  he  terms  ethylene  lactic  acid,  namely)  the  above-descriljed 
hydracryUc  acid  (**  Ann.  Chem."  157  (1871),  314). 

The  four  assumed  isomers  of  the  formula  CjjH^jOjj  are  therefore 
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(I)  fermentatioii  lactic  acid,  also  tenned  ethylene  lactic  acid ; 
principal  flesh  lactic  acid<  also  termed  eth}  lidene  lActic  acid ;  (3) 
second  flesh  lactic  acid,  or  synthetical  ethylene  lactic  acid ;  (4| 
bydracrylie  acid  (tenned  by  Heintz  ethylene  lactic  acid), 

Erlenmeyer  (•'Ann.  Chem/'  158,  262)  could  not 
Wisliceniis  and  Ueintz  as  to  the  invariable  existence  of 
lactic  acida  in  the  sarcolactic  acid,  and  explained  the  resnlts 
these  authors  as  possibly  caused  by  an  over-saturation  of  the 
solution  of  the  ziuc  salt,  to  which  he  shows  the  compound  to  be 
prona  He  never  obtained  malDnic  acid  by  oxydation  of 
sarcolactic  acid  (which  had  been  so  obtained  by  Doasios),  and 
therefore  ia  inclined  to  admit  that  flesh  may  contain  aometime^ 
but  not  always,  two  different  iaomera  of  lactic  acid. 

Wialiceous  believes  that  the  preparation  of  either 
synthetical  ethylene  lactic  acid  or  of  the  second  sarcolactic 
(both  of  which  he  believes  to  be  identical)  in  the  pure  state  is 
80  difficidt  a  matter  as  to  be  almost  impossible.  He  gives  certain 
proofs  for  their  identity,  but  they  are  mostly  negative,  such  as 
the  amorphous  and  synipy  conditions  of  salts,  and  the  solubility 
ID  almost  absolute  alcohol,  and  leaves  it  to  be  surmised  that  the 
malonic  acid,  which  was  formed  by  his  pupil  Doasioe  under  hia 
eyes,  from  crude  sarcolactic  acid,  was  derived  from  this  ethylene 
sarcolactic  acid  But  as  the  acid  was  only  obtained  in  small 
quantity,  and  from  a  crude  product,  its  use  for  structure  formulae 
is  still  less  justified  than  it  was  for  the  purpose  for  which  it  has 
been  used  so  many  years. 

Salts  of  Fcrmeniaii&n  Lactic  Acid  (Zi/molactaies) 

Zymolactate  of   calcium,   2(C,H^O^Ca  +  5H^O,   obtained 
saturating  the  acid   with  carbonate,  crystallises    in    granuli 
masses,  which  under  the  microscope  present  a  radiary  arrangemenl 
of  needles,  or  bundles  of  needles,  which  are  united  at  their  base 
like  two  camel  hair  pencils  cut  from  tlie  handle  just  above  the 
tie  of  the  hair.     It  is  by  these  pencils  that  it  is  proposed  to 
effect  the  microscopic  diagnosis  of  this  salt.     It  is  little  soluble 
in  ccAd  water  and  in  alcohol,  but  soluble  in  all  proi>ortions  in 
these  liquids  at  the  boiling  heat.     In  the  crystalliBed  state  il 
contains  29*22   per   cent   of  water   of  cry8tallisation»  whe 
aarcolactate  of  calcium  contains  27  09,  and  not  24-83  per  cem 
as  fomierly  maintained. 

Zymolactate  of  2inc,2(CjH503)Zn+3H^O,  obtained  by  boilinj 
dilute  lactic  acid  with  zinc  oxyde,  is  soluble  in  6  parts  of  bof" 
and  58  parts  of  cold»  water.  From  its  hot  solution  it  crystallisi 
easily  on  cooling  in  form  of  four-sided  prisms,  with  oblique  tei 
minal  planes.  Small  specimens  assume  a  dumb-bell  or  ovi 
shape  of  agglomeration  of  needles.  It  is  nearly  insoluble  i 
alcohol,  either  hot  or  colA    The  crystals  contain  1818  per  cen 
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of  water  of  crystallisfttion,  while  sarcolactate  contains  12*90  per 
cent 

Zymolactate  of  copper,  2(C3H503)Cu,  crystallises  in  sky-blue 
little  warts,  and  is  soluble  in  6  parts  of  cold  water  and  in  115 
j>arts  of  cold  and  26  parts  boiling  alcohoL 

Sfilis  of  Sarcolmtic  Acid  (syn.  Faridadic  Ackl,  Heintz). 

Sarcolactate  of  calcium,  4(6311^03) 2Ca+ 911,0,  is  very  similar 
in  its  external  appearance  to  the  zymolactate,  and  is  produced 
like  it.  It  is,  however,  less  soluble  in  water,  and  its  cryatals 
contain  27*09  per  cent,  (and  not  2483  per  cent,  as  formerly 
supposed)  water  of  crystallisation.  This  le^s  to  9  molecules  of 
water  in  2  molecules  of  salt. 

Sarcolactate  of  zinc,  2(C^H^03)ZuH-2H20,  requires  17*6  parts 
of  water  for  solution  at  15",  and  is  therefore  much  more  soluble 
in  water  than  the  zymolactate,  which  requires  SS  to  63  parts  ; 
its  crystals  contain  12  90  per  cent,  water  of  crystallisation.  The 
salt  ia  deposited  from  a  hot  solution  in  a  loose  mass  of  separate 
crystal^  which  are  short/hard,  shining  prisms ;  these  crystals  are 
the  larger  the  slower  the  evaporation  of  the  liquid  has  taken 
place.  When  finely  powdered  they  give  up  their  water  of  crys- 
tallisation at  100"  to  105°  in  about  an  hour,  and  then  remain 
unchanged  at  170°  to  180°.  One  part  of  crystallised  salt  requires 
about  a  thousand  parts  of  boiling  absolute  alcohol  for  solution  ; 
cold  alcohol  dissolves  even  less.  The  Btatemenis  in  chemical 
works  concerning  a  greater  solubility  in  water  and  alcohol  are 
due  to  observations  on  over-saturated  solutions,  which  may  be 
diagnosed  by  dropping  a  few  small  crystals  into  them,  and 
observing  how  they  immediately  engender  crystallisation. 

Tran^f&rmaiion  of  Sarcolaciic  into  Zy^n^lactic  Acid, 
Strecker  ("Ana  Chem/'  105  (1858),  313)  showed  that 
garcolactic  acid,  when  heated  to  130"  to  140^  is  transformed  into 
the  anhydride  of  zymolactic  acid,  and  by  boiling  with  water  the 
latter  is  then  changed  into  the  zymolactic  acid  itself.  In  the 
actual  experiment  the  first  watery  distillate  is  nnchanged 
sarcolactic  acid ;  the  remaining  anhydride  must  be  heated  during 
several  days  to  130"^  in  an  oil-liath  before  it  is  entirely  trans- 
formed into  zymolactic  anhydride.  MTien  the  fusion  is  effected 
at  150^  in  a  current  of  dry  air,lactide  ia  sublimated,  which  after 
purification  has  the  fusing  point  of  1245,  the  same  m  pure 
lactide  from  z}Tnolactic  acid.  This  lactide  also,  on  being  boiled 
a  longtime  with  water,  yields  pure  zymolactic  acid  and' its  pure 
zinc  salt 

FolaristTig  Pkcnamena  of  the  Aidiydridea  of  Sarcolaciic  Acid. 
The  free  sarcolactic  acid  when  dried  over  sulphuric  acid  in 
vacuo  during  21  months  ia  transformed  into  a  mixture  of  lactic 
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acid,  CjH^O,  (16-50  per  cent) ;  aiihydride,\C(,Hi^05,  (8419  per 
cent);  and  Jactide,  CgH^Og  (1604  per  cent).  The  solution  of 
thia  mixture  turns  the  plane  of  poIariBed  light  to  the  left,  (a)  = 
—85*93°.  It  ifi  probable  that  all  three  products  on  treatmetit' 
with  water  are  transformed  back  into  sarcolactic  acii  The 
transformation  into  zymolactic  acid  seems  dependent  upon  heat. 

Folarisinff  Phenomtim  of  Sareclaetic  Add, 

The  watery  solution  of  sarcolactic  acid  shows  a  cooHiderable 
polarisation  to  the  left.   This  power  is  suddenly  and  greatly^ 
diminished  after  every  addition  of  water,  but  on  standing  it  rises 
again,  without  however,  reaching  its  former  value.     The  diminu- 
tion of  specific  rotatory  power  by  dilution  \b  the  greater,  the  mora| 
concentrated  was  the  solution  used  for  dilution,  that  is  to  say,  the 
greater  was  the  dilution  in  proportion  to  the  strength  of  the 
original  solution.     These  changes  are  due  to  the  presence  of| 
anhydrides  and  lactide.     Pure  sarcolactic  acid  as  a  preparation  * 
does  not  exist,  it  is  always  mixed  with  these  anhydrides,  and 
therefore  its  specific  rotatory  power,  which  is  probably  to  the 
right,  cannot  be  accurately  determined. 

Polarinnff  Phenomena  of  Saredadate  of  Zinc. 

Tlie  solution  of  zinc  sarcolactate  turns  the  plane  of  polarised  | 
light  to  the  left  —  7'7*     The  turning  energy  is  smaller  io  the  over- 
saturated  than  in  the  normal  solutions. 

The  polarising  faculties  of  sarcolactic  acid,  its  hydrate,  rinc 
salt,  and  anhydride,  may  be  described  as  follows  : — 

Turning  farthest  to  the  right,  ,         ,  Cfifi^ 

Tumiog  less  far  to  the  right,  .  CoH-pj+H^O 

Turning  least  to  the /<j/if,   .  .  2(C^HgOg)Zu 

Turning  more  to  the  kft,  ,  .         ,  2(C.H,OJZn+2HjO 

Taming  farthest  to  the  kfi,  .        ,  C^yP^. 

Decomposition  of  Sarcolactic  hy  Sulphuric  Acid, 

When  sarcolactic  acid  (5  parts)  is  mixed  with  water  (6  parts) 
and  sulphuric  acid  (2  parts)^  and  heated  in  a  sealed  tube  during 
eight  hours  to  between  140°  and  150",  formic  acid  and 
acetaldehyde  are  formed,  just  as  in  the  case  of  zymolactic  acii 
The  same  decomposition  with  the  addition  of  acetic  acid  is 
obtained  by  oxydation  with  potassic  dichromate  and  sulphuric 
acid.  Malonic  and  oxalic  acid  are  not  formed.  From  this  it ' 
follows  that  the  eonatitutian  of  sarcolactic  acid  is  more  like  that 
of  zymolactic  acid  than  has  hitherto  been  believed  when  the 
alleged  formation  of  malonic  acid  from  the  former,  not  given  by 
the  latter,  mainly  guided  the  considerations  of  the  theorists. 
The  two  lactic  acids  seem  of  identical  structure  chemically;  but 
although  their  atoms  are  attached  to  each  other  by  the  same  ties*- 
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the  position  of  the  atoms  to  each  other,  or  of  some  of  them,  is 
t'hanged,  Tlie  two  acids  are  isomers  gconietrmdly,  as  the  four 
lactic  acids  are  isomers  cJicmicailtj. 

Physiological  aitd  Patiufhgical  TmUmtions, 

The  muscular  and  nervous  system  are  constantly  pervaded  by 
a  certain  small  quantity  of  lactic  acid  This  is  most  probably 
formed  in  the  tissues  themselves  as  the  result  of  their  vital 
chemism,  but  in  pait  it  may  also  be  carried  there,  and  deposited 
by  the  blood.  In  this  latter  case  the  acid^  if  not  ingested  with 
the  food  as  such,  may  have  been  formed  in  the  stomach  and 
intestines  by  fermentative  action  upon  their  amylaceous  and 
saccharine  contents  ;  it  is  not  probable  that  laetic  acid  is 
a  normal  ingredient  of  the  gastric  juice,  or  of  any  of  the  intestinal 
juices  as  they  come  from  the  secreting  apparatuses.  Tlie  quan- 
tity of  lactic  acid  in  brain  and  muscles  increases  with  continued 
action,  and  decreases  by  rest.  It  is  not  impossible  tliat,  in  the 
muscles  at  least,  the  increase  in  the  acid  reaction  supposed  to  be 
caused  by  strong  activity  is  due  to  the  presence  of  some  free 
lactic  acid.  If  this  be  negatived,  as  by  some  it  is,  the  increased 
amount  of  lactic  acid  must  be  present  as  lactate.  This  idea  has 
so  far  enticed  Preyer  as  to  cause  him  to  make  experiments  on  the 
somniferous  action  of  lactates,  and  he  finds  that  when  they  are 
injected  under  the  skin  of  animals,  and  external  excitement  is 
kept  away,  (!)  the  animals  go  to  sleep.  Amongst  the  various 
theories  of  sleep  this  is  perhaps  the  one  which  is  most  crudely 
chemical,  just  as  the  hypotheses  which  oppose  each  other, 
of  sleep  being  due  to  a  congestion  of  blood  to  tlje  brain,  and  of  its 
being  due  to  an  absence  of  blood  from  the  brain,  are  the  most 
crudely  niechanicah 

In  trichiniasis.  where  hundreds  of  thousands  of  muscular  fibres 
are  rapidly  destroyed,  great  masses  of  decomposition  products 
are  necessarily  tlii*owu  into  the  blood,  and  mth  them  no  doubt 
large  quantities  of  lactic  acid.  Of  these  a  small  portion  may 
probably  appear  in  the  urine,  as  we  are  assured  by  Stnion  and 
Wibel  that  they  have  found.  In  phosphorus  poisoning  there  is 
a  similar  destruction  of  tissue,  although  it  is  less  pronounced  in 
the  muscular  system,  and  appears  more  prominent  in  the  liver 
and  nervous  system.  In  this  toxic  disease  also  large  quantities 
of  lactic  acid  are  found  in  the  urine,  sufficient  to  admit  of  crys- 
tallisation of  a  salt  and  of  its  analysis.  The  modification  of 
lactic  acid  met  with  in  the  urine  in  both  cases  is  the  sarcolactic. 

There  are  two  other  important  diseases  in  which  lactic  acid 
supposed  to  Uike  an  important  share — rhachitis  of  children,  a^ 
osteomalacia  of  adults.     That  lactic  acid  can  be  found  in  t 
bones  of  rhachitic  children  I  have  myself  proved  by  cxiinHii 
after  it  had  repeatedly  been  found  by  foiiner  inquirers. 
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acid  is  present  in  the  urine  of  liiachitic  children,  and  sor 
times  in  considerahle  quantity,  was  showu  by  Scherer 
("Untersuck  z.  ralhol/'  p.  74)  and  Marchand  ('*  Pliysiol.  Chemie*** 
p.  105),  mid  Lehniauii  noticed  it  in  the  urine  in  the  osteomalacm 
of  adults.  We  are  now  also  informed  that  sarcolactic  acid  is 
found  in  ^reat  quantity  in  some  kinds  of  ovarian  cyst.s.  and  the 
nncry  stall  is  able,  nnpnriliahle,  etliyleuo4actic  acid  of  Wisliccnu5 
this  autlior  has  himself  met  with  in  patliulogical  exudations*  We 
may  therefore  still  .simmiarise  the  physiological  and  pathological 
indications  of  kctic  acid  in  the  mine,  in  the  words  of  Lehmann 
("Physiol  Chem/'  Cevend,  8oc.  Kd,  1,^2)  ;  In  all  cases  where  the 
i^yppiff  of  iactaies  to  (h^hlmd  is  very  gr cat ^ — whtther  this  dtprnds 
on  an  cxceM  of  acid  hdn^  formed  in  the  muscles,  or  on  the  use  of 
a  diet  tejiding  to  'product  it,  or  an  iinjKrfeci  process  of  art/datioH 
in  the  Mood, — Iffcfic  acid  maif  he  detected  in  the  urine.  Hence  in 
the  urine  of  the  same  individual^  lactic  acid  may  on  one  day  be 
present,  and  on  another  absent.  In  the  mine  of  many  persons 
no  hictic  acid  can  he  detected ;  and  in  the  \irine  of  others  again 
(especially  of  persons  who,  in  consequence  of  repeated  catarrhs, 
Bulier  from  partial  relaxation  of  the  pulmonary  tissue),  it  is  con- 
Btantly  present.  Stall-fed  animals,  living  on  amylaceous  fodder, 
excrete  lactic  acid  by  tlie  kidneys,  while  under  other  conditions 
this  acid  cannot  he  detecled  in  their  urine.  In  most  febrile 
diseases  lactic  acid  may  be  recognised  in  the  urine. 

The  position  at  which  we  have  thus  arrived  calk  more  tlian 
ever  for  a  thoroughly  scientific  examination  of  the  chemi.^try  of 
rheumatic  fever,  and  of  the  heart  disease  wliich  so  frequently 
follows  iu  its  tnun.  The  experiments  in  what  I  may  call 
synthetical  pathology,  of  John  Simon,  and  later  those  of 
Kichardson,  have  established  apparently  jyrimdfacii  that  lactic 
acid  has  an  important  share  in  the  prodmaiun  of  some  of  the 
most  obvious  plienomena  of  that  important  disease.  It  is  not 
necessary  to  consider  it  as  the  only  disease  produced,  or  disease- 
producing  matter  in  what  is  necessarily  a  complicated  process, 
but  its  closer  study  will  necessarily  lead  to  further  important 
information,  even  if  it  should  prove  t-o  have  an  action  analogoua 
only  to,  and  not  identical  with,  the  leading  features  of  the 
rheumatic  process.  Such  inquiries  must  therefore  cover  the 
largest  possible  ground  in  order  to  take  in  the  whole  of  the 
chemical  phenomena*  Thus  the  examination  of  urine  for  lactic 
acid  should  be  united  with  that  fur  oxalic  acid,  as  the  \isible 
occurrence  of  the  calcium  salt  of  the  latter  acid  has  been  known 
to  be  frequently  associated  with  the  presence  of  at  least  unusual 
quantities  of  lactic  acid. 


CHAPTER    LIII. 
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HISTOKY,  LITEKATUKE,  AKD  OCCURRENCE. 

This  substance  wns  discovered  by  Daumstark  ("  Ann*  Chem/* 
173  (1874),  342).  It  occurs  in  normal  human  urine,  but  only  in 
small  quantity,  bo  that  forty  litres  are  required  to  yield 
sufficient  material  for  proving  its  presence.  But  it  occurs  in 
greatly  increased  <iuantitie8  in  some  kinds  of  disease,  which 
require  to  be  further  investigated.  The  urine  of  a  female  who 
suffered  from  fatty  degeneration  of  the  liver,  accompanied  with 
intense  jaundice,  yielded  duiing  five  diiys  as  nmch  as  4  gnn.  of 
the  Bubstance.  On  the  other  band,  the  nriue  from  a  series  of 
cased  of  jaundice  yielded  none.  In  th^  urine  of  healthy  dogs  the 
substance  does  not  occur,  and  cannot  appaif  ntly  be  made  to 
appear  liy  any  particular  kind  of  diet.  But  in  the  urine  of  a 
dog,  which  had  benzoic  acid  given  to  it  in  the  food,  the  new 
substance  appeared  during  a  few  days,  m  tliat  tlie  excretion  of 
seven  days  yielded  3  gmu,  but  then  disappeared  again,  without 
any  cause  for  its  appearance  or  disappearance  becoming  evident. 

Mode  of  Oldtdnin^* 

The  urine  is  evaporated  on  the  water-bath  to  a  thick  syrup, 
and  this,  while  yet  warm,  is  mixed  with  large  quantities  of 
absolute  alcohol  as  long  as  anything  is  precipitated.  The  clear 
solution  is  filtered,  and  its  alcohol  removed  entirely  by  distilla- 
tion ;  the  residue  is  aciditied  with  hydrochloric  acid,  and  the 
hippuric  acid  completely  extracted  by  ether.  The  syrup  now 
remaining  is  diluted  with  water,  over- saturated  with  ammonia, 
and  precipitated  completely  with  basic  acetate  of  lead.  The 
filtrate  from  the  lead  pi^cipitate  is  treated  with  hydrothion  to 
remove  lead,  and  is  then  again  evaporated  to  a  syrup.  This  soon 
begins  to  cr^^stallise  if  alhiwed  to  ||[|j|||^ft  moderately  warm 
place.  Most  of  the  crystali^  are 
compound  be  present,  there  is  aho  1 
at  the  bottom,  or  a  ti  l| 

liquid,  or  sometimes  1 
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the  liquitL    These  deposits  are  sometimes  be^t  united  bj  placing] 
the  syrup  in  a  moiat  place  to  cause  the  urea  to  diffluesce,  audi 
then   again  to  cause  it  to  begin  to   crystallise  in  a  moderate^ 
temperature.     The  mixture  is  now  treated  with  as  much  strong 
alcohol  as  may  be  required  to  dissolve  all  the  urea  to  a  filterable 
solution.     The  residue  on  the  filter  is  washed  with  alcohol,  again 
dissolved  in  boiling  water,  treated  with   animal  charcoal,  and 
slowly  evaporated  and  allowed   to  cool.     Ci^^stals  now  appear 
which   are   white,  and   frequently   project   like   hippuric   acid,  I 
several   millim^^tres   fnym  the  liquid.     The  simjiarity  of  these  j 
crystals  to  those  of  hippuric  acid  is  so  great  that,  judged  by  thai 
mere  eye,  they    will    certainly    be   mistaken   for  them.     The' 
analysis  of  the   crystals   dried  over  sulphuric  acid  led   to  thej 
formula  C^K^fi. 

Physical  and  Chemical  Proper  Iks. 

The  crystals  are  white  prisms  several  m,m.  long.  Beadily 
aoluble  in  boiling,  little  soluble  in  cold  water  and  in  spirit,  in- 
soluble in  absolute  alcohol  and  in  ether.  They  are  not  changed 
by  being  heated  up  to  250\  The  crystals  dried  over  sulphuric 
acid  decrepitate  when  heated  on  platinum  foil,  and  then  evolve 
white  thick  vapours  as  if  the  substance  was  sublimatei  On 
being  heated  quickly  and  strongly  the  crystals  fuse  and  bum, 
and  a  smell  of  burning  horn,  like  that  given  out  by  so  many 
nitrogenised  substances,  is  evolved.  Heated  in  a  tube  the  sub^ 
stance  fuses,  and  does  not  give  a  sublimate;  it  then  becomes 
brown  and  emits  a  gas  smelling  of  ethylamine.  Tlie  same  gas 
is  evolved  when  the  substance  is  heated  with  8i»da  lime.  The  ■ 
body  is  neutral  towards  litmus,  does  not  enter  into  combination  ■ 
with  bases,  but  with  acids  forms  compounds  which  crystallise 
with  difficulty  and  diffluesce  in  the  air.  The  substance  is  pre- 
cipitated by  mercuric  nitrate. 

The  hydrochlorate  solution  cannot  be  evaporated  at  a  higher 
temperature,  as  it  is  decomposed  and  l)ecome8  brown.  Evaporated 
in  vacuo  over  burnt  lime  and  sulphuric  acid  it  forms  a  crystalline 
mass  of  salt,  which  after  two  recrystallisations  fi*om  a  little 
alcohol  over  sulphuric  acid  has  the  formula  C^HyNjOHCL 

The  crystals  when  treated  with  nitrous  acid  wmle  susf»ended 
in  water  give  out  gas,  and  the  fluid  becomes  warm,  "WTien  the 
action  has  been  completed  the  liquid  is  neutralised  \^ith  soda, 
evaporated  nearly  to  diy^ne^s,  made  strongly  acid  with  sulphuric 
acid,  and  extracted  with  ether.  The  residue  from  the  ether 
extract  is  an  acid,  which  combines  with  zinc  carbonate  ;  the  zinc 
salt  repeatedly  crystallised  frrini  spirit  gives  crystallised  zinc 
lactate,  containing  23*1  per  cent.  Zn,  and  12*6  per  cent  water. 

On  treatment  with  concentrated  hydriodic  acid  the  salt  gives 
no  0 — iodopropionic  acid.     On  being  boUed  the  solution  of  the 
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salt  decomposes,  depositing  zinc  oxyde.  The  salt  effloresces  on 
drying,  and  is  very  easily  soluble  in  water  and  spirit.  These 
data  prove  that  the  lactic  acid  obtained  is  the  sarcolactic,  or 
lactic  acid  from  flesh,  and  not  the  zymolactic  or  lactic  acid  from 
fermentation. 

When  the  new  body  is  boiled  with  saturated  baryta  water  dur- 
ing several  hours,  it  is  decomposed,  ammonia,  carbonic  acid,  and 
a  gas  smelling  like  ethylene  being  evolved.  In  this  reaction  one 
amide  is  probably  expelled  first,  with  formation  of  an  amido-acid. 
The  latter  by  heating  in  a  sealed  tube  with  baryta  to  ISO"*  for 
some  time  yields  ethylamine. 

The  substance  might,  from  the  formula  and  the  decomposition 
with  nitrous  acid,  have  been  considered  as  the  diamido-sarcolactic 
acid  C3H^(NH,)20.  But  the  diamides  of  the  two  lactic  acids 
which  Baumstanc  compared  had  different  properties.  The  new 
compound  has,  however,  great  analogy  to  the  ordinary  urea,  on 
the  supposition  that  in  this,  as  in  the  new  compound,  the  two 
nitrogen  atdms  have  a  dififerent  function  and  dynamicity  each. 
On  this  hypothesis  urea  would  have  the  structure  formula — 

C0=N^N=5, 

and  the  new  derivate  of  paralactic  acid  would  be — 
C3H,0=N^N=JJ. 

It  will  be  seen  that  the  atom  of  nitrogen  on  the  left  is  penta- 
dynamic,  that  on  the  right  tridynamic,  in  each  formula.  We  are 
pi-omised  further  investigation  of  these  highly  interesting 
relations. 
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^liQ  li^aeo   &^uud  ID  *^-  !«.->?,   &<^aietUBoi  fiUiiig  Uie  ealm 

IttlyiSAi.    Cy«tja<^  i»^  \i  in  the  mifie  to  aolalmi  and  aa  a 

'^ed  it  w  probably  by  meaDfl  of 
iiiaaQ«  of  which  it  was  excreied 
ln>iii  iir  >,  or  an  alkali  ffjrmed  in  the  urinaiy  paaaageB, 

nitiint,u  ,.  ii  hfiH  l(M  name  carbofiic  acid,  aa  is  usual   to 

\mm,  Bcherer  (Virchow'fl  "Archiir.''  10,  228)  be- 
in- y<'j  iijjit  hti  hiul  found  cystine  in  the  liver  of  typhus  patients, 
t/liicttii  ijucii  obUiiiii^d  it  from  the  kidneys  of  oxen,  but  c^Duld  not 
tumi  with  it  a^ain  in  the  j<«inie  8u!>gtaace. 

Mode  of  Ohtmning  Pwre, 

Tha  cfMtinB  calculus  ia  powdered,  disBolved  in  caustic  potash* 
urul  |irocipituti3d  by  ficetic  acid.  By  repetition  of  this  process 
and  tht^  rollnwiii<^   all  phosphates  ai-e  removed     Uric  acid  is 
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excluded  by  dissolving  the  cystine  alternately  in  caustic  ammonia 
and  in  hydrochloric  acid,  wherein  uric  acid  is  almost  insoluble, 
cystine  soluble.  Lastly,  it  is  crystallised  from  caustic  am- 
monia. 

Physical  and  Chemical  Properties. 

The  number  of  hydrogen  atoms  are  variously  given  as  7  by 
Gmelin,  6  by  Thaulow  based  on  analysis,  and  5  by  Dewar  and 
Gamgeo  based  on  speculation. 

Cystine  crystallises  in  six-sided  plates.  These  crystals  are 
very  characteristic,  and  a  valuable  means  of  diagnosis  by  the  aid 
of  the  microscope.  It  is  insoluble  in  water,  but  soluble  in  dilute 
mineral  acids,  from  which  solution  it  is  precipitated  by  ammonic 
carbonate.  The  solutions  in  acids  mostly  yield  the  relative  salts 
on  evaporation  in  a  crystallised  state.  The  phosphate  forms 
tufts  of  needles ;  so  does  the  sulphate.  A  solution  of  cystine  in 
dilute  sulphuric  acid  turns  brown  when  strongly  heated  (Eobert, 
"  Journ,  Pharm."  7,  165).  Oil  of  vitriol  saturated  with  cystine 
yields  a  colourless,  viscid,  non-crystallisable  mass,  which  is 
soluble  in  water,  and  after  drying  in  vacuo  over  oil  of  vitriol 
contains  10*4  per  cent  of  sulphuric  acid.  This  is  probably  a 
mixture  of  a  sulphate  with  much  free  cystine.  The  hydrochlorate 
crystallises  in  needles,  which  give  oflF  hydrochloric  acid  at  100**. 
They  are  nearly  insoluble  in  water.  Hydrochloric  acid  saturated 
as  completely  as  possible  with  cystine  still  reddens  litmus.  The 
pearly  needles  which  this  solution  yields  on  spontaneous 
evaporation  are  permanent  in  the  air,  and  contain,  after  being 
dried  in  the  sun,  5*3  per  cent  HCl.  This  salt,  like  the  sulphate, 
must  contain  much  free  cystine.  The  nitrate  crystals  were  found 
to  contain  only  31  per  cent,  of  HNO3.  The  basic  properties  of 
cystine  are  therefore  very  feeble.  It  may  also  form  compounds 
in  which  it  takes  the  place  of  an  acid.  Of  such  compounds 
Pelouze  (Note  appended  to  Civiale's  "  M^moire  sur  les  Galculs 
de  Cystine,"  in  Civiale's  "Du  Traitement  Medical  de  la  Pierre") 
described  two  with  silver,  which  he  termed  cystates.  It  is 
probable  that  cystine  is  an  amido-acid,  and  that  its  nitrogen  can 
be  expelled,  and  its  acid  nucleus  be  transformed  into  an  oxyacid 
by  treatment  with  nitrous  acid. 

Cystine  is  easily  soluble  in  a  watery  solution  of  ammonia, 
cotash,  soda,  and  lime ;  also  in  the  bicarbonates  of  potassium  and 
sodium,  but  not  in  bicarbonate  of  ammonium.  The  solution  in 
ammonia  on  spontaneous  evaporation  leaves  the  cystine  pure  in 
crystals.  The  other  solutions  leave  granular  crystals,  the  com- 
position of  which  is  not  ascertained.  From  the  alkaline  solutions, 
cystine  is  precipitated,  after  a  few  seconds,  by  acetic,  tartaric, 
and  citric  acids,  in  the  form  of  a  fine  white  powder;  these 
solutions  are,  however,  not  precipitated  by  either  sulphuric. 
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liydro€hloric,  or  nitric  acid.  Cystine  is  soluble  iu  a  water  solu* 
tion  of  oxalic  acid. 

When  subjected  to  dry  distillation,  cystine  yields  pniasic 
acid,  carbonate  of  animoniurn,  a  fluid,  thick  and  stinking 
i>il,  and  leaves  a  spongy  chareoaL  Heated  in  the  open  air,  it 
develops  sulphurons  acid,  recognisable  by  the  smell,  but  does 
not  fuse,  or  melt,  or  blister.  When  fused  vvitli  eausLic  potash, 
it  gives  ofi' an  inflammable  gixs,  winch  burns  with  a  flame  similar 
to  that  of  sulphide  of  carbon,  and  evolves  sulphurtma  acid.  When 
cystine  is  boiled  in  caustic  potash  solutiOD,  in  which  some 
hydrated  c^xyde  of  lead  has  previously  been  dissolved,  a  lai^ 
precipitate  of  sulphuret  of  lead  is  obtained.  The  solution  of 
cystine  in  excess  of  nitric  acid,  on  evaporation  by  boiling,  leaves 
at  first  a  wliite,  not  transparent  mass,  which  becomes  brown  and 
black,  and  contains  sulphuric  acid» 

When  a  little  cystine  or  a  piece  of  a  calculus  is  dissolved  in  a 
small  quantity  of  caustic  polasli  with  the  aid  of  heat — the  solu- 
tion after  cooling  is  diluted  w^ith  w^ater,  and  then  some  solution 
of  nitn>prusside  of  sodium  added,  a  violet  colour  is  produced, 
(Midler,  ^' Arch,  Plmrm."  (3)  1,  308,  and  ^' Cheni.  Centr.  Bl" 
(1872).  775). 

When  treated  with  hydrochloric  acid  and  zinc,  or  tin,  cystine 
evolves  hydrothion  easily  recognised  by  the  smell  and  the 
blackening  of  paper  drenched  wdth  lead  acetate.  An  ammoniac^l 
solution  of  cystine  gives  no  apparent  reaction  in  the  cold  with 
an  ammoniacal  solution  of  argentic  nitrate ;  but  when  to  the 
mixture  nitric  acid  is  added  iu  excess,  a  canary  yellow  precipitate 
ensues,  which  seems  to  be  a  compound  of  argentic  nitrate  with 
cystine.  The  iiltrate  blackens  on  the  application  of  heat.  If  the 
mixed  ammoniacal  solutions  of  cystine  and  argentic  nitrate  are 
heated,  argentic  sulphide  is  deposited,  but  tlie  liquid  contains 
neither  sulphuric  nor  oxalic  acid.  When  cystine  is  treated 
under  water  and  with  the  aid  of  heat,  with  nitrous  acid,  it 
dissolves:  the  clear  solution  contains  sulphuric,  but  no  oxalic 
acid,  and  reduces  silver  solution  (I)eM'ar  and  Gamgee  "  Joum, 
Anat.  FhysioL"  7,  142), 

Cramer  *'  Jahresb/'  (1865).  654)  gave  as  the  fonnula  for  cystine 
(JjH3(SH)fNII^C0gH.  The  authors  just  mentioned  suppose  that 
if  this  formula  were  correct,  cystine  ought  not,  on  oxydation,  to 
yield,  as  is  often  assumed,  glyceric  acid,  but  a  sulpho-acid,  pro- 
bably amido-sulpho-pyrotartaric  acid. 

PeculiarUies  of  Ci/st ini/ermts  Urine. 

Midler  C^Archiv,  der  rhunn."  (1852,  Marz)  228)  was  the  first 
to  find  cystine  dissolved  in  the  alkaline  urine  of  a  boy  sbc  and  a 
half  years  old  Here  the  alkaline  condition  seemed  to  be  duo  to 
the  presence  of  a  large  cystine  calculus  in  the  bladder.     After 
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the  operation  of  lithotoniy,  the  urine  became  acid.  Two  months 
laler  the  urine  btjcame  ti*,'aiu  alkaline,  and  gave  a  deposit  which, 
when  cleared  of  earthy  phosphates  by  me^ins  of  acetic  acid, 
showed  itself  to  be  cystine  again.  The  nrioe,  on  being  filtered 
and  treated  with  acetic  acid,  after  the  lapse  of  twenty-four  hours, 
yielded  another  precipitate  of  cystine. 

Urine  depositing  cystine  is  generally  turbid  when  voided, 
either  because  it  is  ammoniacal,  or  because  the  cystine  deposit 
is  already  formed.  The  deposit  does  not,  to  the  naked  eye,  differ 
much  from  one  of  fawn-coloured  urates.  The  urine  in  which  it 
forms  is  usually  faintly  acid,  and  when  made  moi*e  acid  by 
acetic  acid  deposits  a  further  quantity  of  cystine.  A  cystine 
deposit  is  characterised  by  its  not  dissolnng  on  the  application 
of  heat,  and  by  its  ready  solubility  in  caustic  ammonia.  Urine 
which  contains  cystine  is  said  to  evolve  sulphide  of  ammoninm 
during  its  alkaline  decomposition. 

In  the  case  of  cj^tinuria  described  by  Lobisch  ("Ann.  Chem/' 
182  (1870),  231),  the  acid  nrine  of  a  young  man,  weighing  76 
kilos.,  deposited  during  twenty-four  hours  after  emission  a 
voluminous  mass  of  what  appeared  under  tlie  microscope  colour- 
less hexagonal  plates.  The  quantity  of  cystine  contained  in  the 
urine  was  determined  by  adding  to  5(i0  c.c.  of  it  20  c,c.  of  acetic 
acid  of  20  per  cent,  strength,  and  letting  the  mixture  stand  in  a 
cool  place.  After  twenty-four  hours  a  deposit  had  formed, 
which  consisted  of  cystine^crystak,  uric  acid,  oxalate  of  calcium, 
and  sometimes  of  urates.  The  deposit  was  placed  upon  a  tilter, 
washed  with  ddute  acetic  acid  and  hot  water,  dried,  and  weighed. 
The  weighed  filter  aiul  contents  were  then  placed  upon  a  funnel, 
treated  with  some  dilute  hydrochloric  acid,  washed,  and  dried. 
The  loss  by  the  hydrochloric  acid  treatment  was  calculated  as 
cystine.  The  proceeding  was  controlled  by  dissolving  a  known 
quantity  of  cystine  in  healthy  urine,  and  precipitating  it  in  the 
manner  described  :  96' 6  per  cent,  of  it  were  recovered. 

The  urine  when  voided  was  perfectly  clear,  had  a  healthy 
yellow  colour,  was  always  acid  (one  day  excepted,  when  it  was 
alkaline  in  consequence  of  the  patient's  taking  vegetable  food 
exclusively),  and  never  had  any  peculiar  smell  not  presented  by 
ordinary  urine.  The  deposition  of  cystine  began  in  from  ten 
to  twelve  hours  after  evacuation,  and  the  deposit  was  at  first  in 
the  form  of  minute  loose  grains  much  like  oxalate  of  calcium. 

The  urine  w^as  examined  on  fourteen  days,  and  quantity, 
specific  gravity,  urea,  uric  acid,  cystine,  and  sulphuric  acid  wem 
quantitatively  estimated.  The  means  of  the  days  1  to  6,  and 
11  to  14  (the  days  7  to  10  being  excluded  because  influenced 
by  peculiar  vegetable  diet)  were  urea,  =33*28  grm. ;  uric  acid, 
—  05445  grm.;  cy  a  tine, —0*3930  gnu,;  sulphuric  acid,  2*4390 
totail  quantity  of  urine,  1290  c.c. 
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The  excretion  of  cystine  therefore  did  not  interfere  noticeably 
with  the  qimntitjes  of  the  normal  constituents.  The  amount  of 
nitrogen  excreted  in  the  cystine  was  only  0  045  out  of  a  total  of 
15*757  grm.,of  which  lo  530  were  in  urea  and  0182  in  uric  acid. 
The  nrine  is  said  to  have  yielded  biliarj^  acid,  rer  ^  1 
by  Pettenkofers  test  in  the  product  from  the  lead  and  a;  i 

precipitate  from  only  300  c.c. 

Toel  ("  Ann,  Cbem/*   96,  247)   determined  the  cystine   ex- 
creted by  eacli  of  two  sisters  affected  with  cystinuria  to  be  1*4 
.^riji.  in  twenty-four  hours.     Pletzer  ("  Archiv.  d.  Vereins  f.  gem. 
Arb/'  3,  162),  in  the  same  cases  as  those  examined  by  Toel, 
found  the  crystals  of  cystine  smafle^t  when  the  urine  was  acid. 
largast  when  it  was  alkaline.     The  amount  of  cystine  w^as  saiif 
to   have   been   increased   by  a    diet    of   fish   and   leguminous 
vegetables.     Organic    acids    lessened    the   amount     In   Toel's 
analysis  it  was  assumed  that  all  sulphur  which  w^as  not  precipi- 
tated by  baryta  in  acid  solution,  and  could  only  be  obtained  as 
sulphuric  acid  after  oxydation  of  the  residue  of  the  urine,  was 
present  in  the  form  of  cystine.     This  is  obWously  unproved,  and 
to  make  Toefs  figures  more  correct  it  \vould  be  necessary  to  8ul>- 
tract   from   them  an   average  amount  of  sidphur  pre^sent   in 
the  unknown  form.     If  this  unknown  form  should  ultimately 
prove  to   be  cystine,  the  operation   would  still   be   necessary 
to  show  the  excess  over  the  normal  quantity. 

Cystinuria  often,  relatively  to  the  total  number  of  cases  i 
observed,  occurs  in  several  membei-s  of  the  same  family,  as  ia 
show^n  by  the  observations  of  Prout,  Marcet,  Ci\nale,  Lenoir^ 
Bheannan,  Bird,  and  Toeb  Marcet  relates  the  cases  of  two 
brothers,  in  whose  kidneys  cystine  calculi  were  found.  Both 
Lenoir  and  Civiale  extract^fd  cystine  calculi  from  the  bladders  of 
two  brothers-  Toel  and  Peltz  observed  two  sisters  who  were 
subject  to  continual  cystinuria  and  occasionally  discharged  small 
concretions.  Prout  supposed  that  there  was  a  berLHlitaiy  disposi- 
tion to  it,  but  this  hypothesis  is  not  supported  by  any  positive 
observations. 

Cystinuria  occurs  moi'c  frequently  in  children  and  young 
adults  than  in  persona  of  advanced  age.  It  does  not  seem  con- 
nected with  any  particular  dyscrasia,  such  as  tuberculous  or 
scrophulous  disease  ;  the  view  once  supported  by  Shearman,  that 
struma  and  chlorosis  w^ore  often  combined  with  it  has  been  com- 
bated by  Fabre  (*'  De  la  Cystine/*  These,  Paris,  1839).  In  a 
young  woman,  from  whom  Jordan  extracted  a  cystine  c-alculus 
some  years  ago  in  the  Manchester  Infirmary,  Boberts  found 
considerable  tuberculous  consolidation  of  both  apices. 

Persons  may  suffer  from  cystinuria  without  showing  any  other 
oiijective  sjiuptoms  except  those  caused  by  physical  irriUition  of 
the  concretions  which  may  form  in  the  kidneys  or  the  bladder,  and 
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by  their  passage  through  the  urinary  canals  if  they  are  small. 
Two  brothers  who  were  operated  by  Civiale  for  large  cystine  cal- 
culi were  known  to  have  been  excreting  cystine  in  quantity  for 
six  years  continuously,  without  any  deterioration  of  their  health 
having  been  perceptible.  The  sisters  observed  by  Peltz  and  Toel 
were  healthy,  but  sufifered  occasionally  from  the  passage  of  small 
renal  concretions. 

Cystine  Calculi, 

In  urinary  calculi  cystine  presents  the  appearance  of  a 
yellowish,  shining,  confusedly  crystalline  mass ;  or  it  consists 
of  wax-yellow,  translucent,  elongated  square  octohedrons. 
(Schindler,  "Mag.  Pharm."  29,  264).  It  crackles  between 
the  teeth,  is  tasteless,  neutral,  easily  rubbed  to  a  powder.  The 
calculus  observed  by  WoUaston  contained  97*5  per  cent  of 
cystine,  and  2o  per  cent,  of  calcic  phosphate ;  its  sp.  gr. 
was  1*577.  A  calculus  observed  by  Taylor  ("Phil.  Mag." 
12,  337)  contained  91  per  cent,  of  cystine,  and  had  1*13 
sp.  gr. ;  a  pure  cystine  calculus  observed  by  Venables  ("  N. 
Quart.  Journ.  of  Sc."  7,  30)  had  17143  sp.  gr.  Some- 
times cystine  calculi  have  a  nucleus  of  uric  acid.  Tn  a  speci- 
men in  the  Museum  of  the  Manchester  Infirmary,  described 
and  figured  by  Eoberts  (1.  c,  p.  218),  the  central  nodule 
is  uric  acid,  around  this  is  a  body  of  pure  cystine,  overlying 
this  layer  of  mixed  uric  acid  and  cystine,  and  enveloping  the 
whole  a  crust  of  mixed  phosphates  and  cystine. 

Cystine  calculi,  when  exposed  long  to  daylight,  assume  a  pale 
green  colour,  probably  from  a  change  in  a  colouring  matter  by 
which  they  are  penetrated.  Eoberts  relates  of  the  calculus  just 
referred  to,  that  it  had  been  divided  equatorially — one-half  lay  in 
the  cabinet  with  its  cut  surface  downwards,  and  the  other  naif 
was  with  the  cut  surface  upwards,  exposed  to  the  light.  The 
latter  had  a  delicate  emerald  green  tint,  while  the  former  pre- 
served its  original  yellow  colour. 

Cystine  calculi,  owing  to  their  friability  and  softness,  are 
favourable  objects  for  operation  by  lithotrity.  Out  of  129 
calculi,  2  were  found  to  consist  of  cystine  (Taylor). 
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INTRODUCTION. 

^^  ^^  ^  _  aol  was  known  to  the  ancients,  and  the  faniou^ 
Pramiiic  wiiie  of  which  Homer  speaks,  and  which  was  yet  power- 
fill  enough  to  inebriate  when  diluted  with  twenty  measures  of 
water,  contained  or  was  a  distilled  sptrtt.  But  although  poetry 
may  have  been,  science  did  not  actually  become,  acquainted  with 
alcohol  iu  its  distinct  and  isolated  form  before  the  12th  century, 
when  it  was  endowed  with  the  name  which  it  at  present  bears, 
and  which  signitiea  '*  the  spirit, ''  by  its  supposed  first  discoverer, 
the  Arabian  physician  Geber,  The  rest  of  the  chemistry  of 
alcohol  is  mainly  a  product  of  tlie  present  century. 

Alcohol  is  the  principal  produce  of  the  fermentation  of  the 
juice  of  the  grape,  and  no  doubt  it  was  by  the  natural  transforma- 
tion of  the  juice  of  the  ^rape  that  alcohol  wa*^  tirst  discovererl. 
Other  fruits  containing  sugar  also  yield  alcohol  by  the  natural 
decomposition  which  they  undei-go  after  they  are  taken  from  the 
tree  and  crushed.  Alcohol,  then,  is  the  active  ingredient  of  all 
vinous  or  spirituous  hquids,  including  those  obtained  from  graia 
by  the  processes  of  malting  and  fermenting.  It  is  directly 
derived  from  a  kind  of  sugar,  which  from  its  aptitude  to  decom- 
pose into  alcohol  and  carbonic  acid  under  the  induence  of  yeast 
may  appropriately  be  designated  as  fuTiiunUscihU  sugar,  and 
abuut  which  more  will  be  found  under  the  chapter  relating  to  I 
diabetic  or  grape  sugar. 

Other  sugars,  mannite,  dulcite,  sorhine,  lactose^  including 
glycerine,  cane  sugar,  starch,  gum,  and  the  dextrine  which  is 
found  in  the  liver,  or  so-called  hepatine,  yield  small  tiuantities 
of  alcohol  under  certain  influences,  «,^,,  water,  clialk,  and 
cheese,  at  a  temperature  not  exceeding  60"".  Alcohol  can  also 
be  prepared  synthetically  in  the  laboratory  by  combininii 
carbon  and  hydrogen  under  the  influence  of  the  electric  dis- 
charge of  a  powerful  battery  to  acetylene,  C^H^p  dissolving  this 
gas  in  sulphuric  acitl,  mixing  the  solution  with  water,  and 
distilling  it. 
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Mode  of  Obtaining  Pure, 

Alcohol  is  separated  from  the  liquids  in  which  it  has  been 
produced  by  fermentation,  by  means  of  evaporation  and  conden- 
sation in  a  confined  space,  a  process  which  is  termed  distillation. 
As  the  alcohol  from  watery  liquids  is  generally  mixed  with  much 
water,  and  other  impurities,  it  has  to  be  made  more  spirituous 
and  pui'e  by  a  process  termed  rectification.  In  the  most  perfect 
modern  kinds  of  appamtus  for  the  production  of  alcohol  these 
operations  are  all  performed  at  one  and  the  same  time,  and  a 
highly  concentrated  pure  spirit  is  at  once  obtained.  But  by 
distillation  alone  alcohol  free  from  water,  or  as  it  is  termed 
absolute  alcohol,  cannot  be  obtained.  To  extract  the  last  portions 
of  water  from  spirit  it  is  necessaiy  to  treat  it  with  substances  hav- 
ing greater  affinity  for  water  than  itself,  such  as  freshly  burnt  lime. 

Physical  ami  Chemical  Properties  of  Absolute  AlcohoL 

Absolute  alcohol  is  a  liquid.  It  is  colourless,  has  an  agreeable 
tla%^our,  and  burns  when  Mre  is  set  to  it.  It  has  also  a  burning 
taste,  but  the  taste  of  pure  alcohol  is  very  agreeable  indeed,  and 
this  is  quite  the  reverse  of  what  is  sometimes  said,  namely,  that 
distdled  alcohol  has  a  nasty  taste.  It  has  a  nasty  taste,  as 
ordinarily  obtained,  but  this  is  due  to  the  circumstance  that 
certain  products  of  decomposition  are  mixed  with  it,  which,  how- 
ever, can  be  entirely  removed,  as  Dobereiner  has  shown,  by 
passing  the  distilled  alcohol  50  times  over  animal  charcoal. 
When  it  passes  50  times  it  is  absolutely  pure,  aud  has  the 
chemical  properties  and  taste  described. 

Its  specific  gravity  at  zero  is  08095.     At  14,  however,  which 

is  the  ordinary  temperature,  it  is  07982.     It  boils  at  78  of  the 

centigrade  thermometer,  under  the  pressure  of  7G0  millimetres 

of  the  barometer.     Even  at  the  strongest  cold,  a  temperature  of 

—  100",  it  is  only  transformed  into  a  thick  fluid,  but  it  is  not 

solidified  at  any  temperature  or  by  any  means.     It  can  be  burnt 

in  a  spirit  lamp,  and  there  comes  little  or  no  light  from  it. 

Alcohol  attracts  the  moisture  very  rapidly,  so  that  it  maybe 

compared  to  sulphuric  acid  in  its  power  of  so   doing.     With 

water  it  becomes  warm  and  then  contracts ;  408  volumes  of 

water,  and  53  7  volumes  of  alcohol,  which  if  they  mixed  without 

contraction  would  give  103*5,  will  contract  so  as  to  form  100. 

Alcohol  may  be  considered  as  the  hydroxyl  compound  of  a 

,  radical  ethyl,  C^H^HO  ;   or  if  ethyl  be  considered  as   a  com- 

I  pound  radicle,  alcohol  may  be  said  to  consist  of  three  primary 

I  compound  radicles,  CH^GHgHO. 

^^m  Mode  of  Dclerrniniiig  tlu  Quantity  of  Alcohol  coTiiaincd  in 

^^H  Watery  SohUioiis  of  Different  Stremjths, 
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mixtui-e.  This  operation  can  be  carried  out  in  two  ways,  by  the 
balance  and  by  the  gravimeter.  For  the  purpose  of  detemiina- 
tions  such  as  occur  in  the  practice  of  medicine  or  in  experimeutal 
pathology,  the  gravimeter  can  but  seldom  be  U6e4,  More  fre- 
quently will  it  be  possible  to  detemiine  the  specific  gravity  of 
distillates  by  the  balance.  But  even  this  metliod  is  not 
available  for  the  small  quantities  which  occur  in  observations  in 
individual  cases.  In  these  cases  it  is  necessaiy  to  transfomi  the 
alcohol  to  be  determined  into  acetic  acid,  and  to  determine  this 
product  of  transforaiation  by  an  acidimetric  volumetric  method 
to  be  described. 

Note  on  the  Definition  of  *'  Proof  Spirit** 

By  an  Act  of  Parliament  which  was  passed  in  the  56th  year 
of  the  reign  of  George  111.,  chapter  160,  in  the  year  1816,  it  is 
enacted  that  the  standard  of  all  spirits  upon  w^hich  the  excise 
shall  \e\y  taxes  is  to  be  a  mixture  of  akohol  and  water  which 
shall  weigli  12,  while  the  same  volume  of  distilled  water  shall 
weigh  13,  all  at  a  temperatm^e  of  51"  Fahr. ;  or  iu  the  words  of 
the  Act :   "  And  whereas  since  the  passing  of  the  said  Acts  an 
hydrometer  called  Sykes's  hydrometer  has  with  great  care  been 
completed,  and  has,  by  proper  experiments  made  for  that  purpose, 
been  ascertained  to  denote  as  proof-spirit  that  which  at  the 
temperature  of  51  degrees  by  Fahrenheit's  thermometer  weighs 
exactly  |f  parts  of  an  equal  measure  of  distilled  water/'     This 
curious  standard  is  supposed  to  have  been  obtained  as  follow^s  : — 
Before  science  had  anything  to  do  with  bn}ing  and  selling,  it 
was  usual  to  take  a  saucer  and  put  a  little  gunpowder  in  it,  and 
then  pour  a  little  of  the  spirit  which  was  to  be  tested  over  it 
Then  the  spirit  was  set  fire  to  and  burned,  and  at  the  conclusion 
of  the  combustion  it  was  observed  whether  or  not  and  to  whaoj 
extent  the  gunpowder  also  took   fire.     The  spirit  was  calle 
"proof"  if  it  w^as  sufficiently  coneenti-ated  to  cause  the  gun- 
|iowder  to  burn  ;  for  if  the  spirit  contained  so  much  water  tha 
at  the  end  of  the  combustion  the  gunpowder  was  wet,  then  ol 
course  it  did  not  bum.     This,  tlien,  is  the  derivation  of  '*  pnw 
spirit/'  and  according  to  this  standard  nearly  all  the  spirit  used 
in  this  country  is  now  bought  and  sold.     Doubtless  we  shall  in 
time  conform  to  the  method  of  other  countries,  so  that  also  here 
a  spirit  shall  be  Ixmght  and  sold  according  to  its  percentage  by 
weight  in  volume. 

Moth  of  Isolating  Alcohol  front  Organic  LiquirU* 

This  method  applies  more  particularly  to  urine,  but  also  to  the 
w^ater  exlractd  of  oigans,  to  blood  and  lymph,  and  serous 
effusions.  From  the  albuminous  Huids  the  albumen  will  have  to 
be  removed  before  boiUng  by  treatment  with  heat  in  a  clc 
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vessel,  aud  MlLration  after  cooling.  We  put  tlie  liquid  to 
be  tested  into  a  retort,  and  add  a  small  quantity  of  tannic  acid  to 
prevent  frothing.  If  we  were  to  boil  uriue  merely  by  itself, 
without  adding  tannic  a<:'id»  we  would  prulfably  have  bumping 
aud  frothing^  and  a  small  quantity  of  urine  would  pass  over  into 
the  condenser,  and  we  would  lose  our  distillation.  Having  thus 
distilled  the  fluid  once  by  itself,  we  pi-oceed  to  redistil  it  in 
order  to  remove  from  it  any  acid  that  may  be  present.  We  add 
a  small  quantity  of  caustic  potfisli  to  the  liquid,  and  after  having 
given  time  for  the  reaction  we  proceed  to  distil  it  again.  The 
effect  of  that  process  is  that  all  tbe  volatile  acids  are  retainer! . 
while  nothing  but  the  alcohol  and  the  ether  present  passes  over. 
We  have  now  already  reduced  tlie  quantity  of  the  fluid  very 
much,  and  subject  it  now  to  a  third  distillation,  this  time  with 
sulphuric  acid^so  that  any  volatile  alkalies  which  may  have  been 
driven  out  in  the  flrst  instance  may  not  pass  over  but  be  retained. 
The  third  distillate,  then,  which  i^  mostly  only  about  one-eightii 
part  of  the  original  quantity,  contains  all  the  alcohol,  no  volatile 
acidsi  DO  volatile  alkalies,  and  is  the  liquid  which  we  use  for  tlie 
test  to  be  described. 

Clironiic  Add  Test  far  AkohoL 

Alcohol  when  it  is  brought  in  contact  with  free  chromic  acid  is 
80  much  heated  that  it  takes  fire,  and  a  kind  of  explosion  takes 
place  ;  but  when  it  is  mixed  with  a  dUnte  solution  of  chromic 
acid,  such  as  is  produced  by  mixing  dichromate  of  potash  with 
sulphuric  acid,  we  only  obtain  a  still  reduction,  indicated  by  a 
transfonnation  of  the  red  colour  of  our  test  into  a  green  colour. 
The  sulphnte  of  oxyde  of  chromium  is  formed  from  the  chromic 
acid.  We  generally  take  one  part  of  the  dichromate  to  300  of 
the  Bulphuric  acid.  We  must  take  care  to  mix  the  distillate 
with  two  parts  of  sulphuric  acid  in  the  concentrated  state,  so  tliat 
for  the  test  we  have  considerably  concentrated  liqiiirls.  If  we 
have  not  concentrated  liquids  we  are  liable  to  mis^  our  test  If 
we  pour  a  little  of  this  into  the  mixture  so  that  it  sinks  to  the 
bottom,  we  perceive  that  where  the  one  fluid  touches  the  other 
there  is  a  deep  green  colour,  and  then  a  ring  of  lighter  green  ; 
and  even  if  we  have  as  little  as  one-fourth  or  one-ton th  of  a 
grain  of  alcohol  in  half  an  ounce  of  water,  it  will  yet,  by  means 
of  this  teat,  be  indicated.  The  test,  therefore,  is  a  very  delicate 
one.  Of  courBe  it  is  necessaiy  that  we  should,  before  applying 
this  test,  have  taken  the  precaution  of  distilling  the  fluid  three 
times,  as  above  detailed,  otherwise  the  test  will  be  fallacious  on 
account  of  the  organic  matters  not  being  alcohol  decomposing  the 
chromic  acid  in  the  same  manner  as  alcohol 

The  particulars  of  proceeding  for  detennijiing  alcohol  in  urine 
are  the  following  : — Test  liquid :  1  part  of  dichromate  of  potash 


m  300  mrte  of  nlplniik  «d,  Ihsi  i%  Ik  aolalioaj 
wMdilttialnadfteeiideKiibedL    If  we  nadoe  Ibe  i 
mody  ve  est  even  dvooter  toe  < 
of  akahol.  In^  imiI  im  tfe 
ilpplied  to  the  unne  we  aei 
of  urine.    I& 

wUch  bttve^  in  _ 
*be  often  repented,  and  tbevrfore  il »  well  to  kiMyw] 
»  wiH  be  m  snlfieiettl  qnwtitj  to  tr»t  Of  thnM 
wnifiitiloirene-dujd  nnder  Ike  pmMlion  wUch  I  hnn 
tionodaeloluaiendl  TlHnidflkediitillilewednw  uffi 
J  m  thai  we  hm  one^nztli  of  the  oc^ginel ;  end  of  1 
oao4liiid,  80  IWI  wn  hem  one-ntiidi  of  Ibe 
Dnringlbeopenilionof  diBlinelion,if  1^  to  make  i_ 

tm  reseaidiea  it  ia  neoeaeaij  diat  we  dioald  doee  Ibe  wlKile  qf . 
our  appaialiia  so  llial  it  be  mr^^t,  and  we  ahonid  ptovide  Uie] 
receiver  witli  a  meicniial  valves. 

Fonnal  miDe  when  terted  mrm  no  leaction  far  dookol  na 
aaqr  ciictnnetaneea  unkaa  ale^ol  has  pigfkmlj  been  taken. 
we  add  one4entli  giiln  of  absolute  akobsl  io  two  oaneea  of  1 
miiie,  and  afterwards  distil,  we  get  a  reaction  veij  diatinoify, 
wbicb  abowB  tbe  great  didicacy  of  Ibe  test    Oidj  one  aonree  of 
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ae^  and  increase  it     It  is  pomble,  ffvr  example,  that  after  Hie  ] 
drinking  of   Greek  wioes,   which  cootaiii  much  aUehjds^ 
qnanti^  of  this  latter  eecapes  by  the  tiriiie 

Mod€  of  Edimatim^  8maU  QmamiMm  4^  Alcoktl  iy  Tmmrfpnma*  I 
Itom  into  Aedic  Add  ^md  AiMditmitw  FolanMlrje  Jkiarmmt»^  \ 
turn  (Jhipr/i  Mdkai), 

We  have  a  quantity  of  alcohol  obtained  from  urine,  and  we 
want  to  determine  how  much  it  is.  The  tenth  of  a  grain  of 
alcohol  in  two  ounces  of  water  wonld  not  admit  of  any  specific 
gravity  determinalion.  It  wonld  not  be  possible  to 
any  infltrnment.  or  to  put  that  small  quantity  on  a 
anfflciently  fine  to  determine  that,  and  therefore  it  is 
to  take  a  somewhat  circnitona  but  still  a  quite  certain  lonte,  and 
that  iS|  we  take  the  distillatess  and  oxydtse  the  alcohol  therein 
contained  to  acetic  acid^  and  determine  it  by  quantitative 
analyiu^  or  even  make  a  salt  of  it.  Alcohol  does  not  combine 
wMi  any  etlier  body ;  we  cannot  increase  its  weight ;  we  cannot 
rriiijn  it  in  any  way ;  whereas  acetic  acid  combines  with  many, 

t  i/wing  to  this  property  the  quantity  of  the  acid  can  be  very 
f  determined,  even   in  solutions.     This  is  done  in  Ihn 
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tallowing  way: — We  enclose  the  distillate  with  a  certain  quan- 
tity of  the  dichromate  and  sulphuric  acid  iiiixture  in  a  flask, 
close  it  air-tight  with  a  caoutchouc  stopper,  and  tie  it  down  well 
by  means  of  wire.  This  bottle  we  now  heut  for  tw^o  hours  in  a 
water-bath  at  a  certain  temperature,  never  aniouuting  to  boiling. 
During  that  time  tlie  whole  of  the  alcohol  is  transformed  into 
acetic  acid.  We  have  to  distil  that  over,  and  for  that  jjurpose 
it  is  only  necessary  to  distO  the  mixture  down  to  one-half. 
We  now  determine  the  acidity  of  our  distillate  by  applying  to 
it  a  caustic  soda  solution  of  which  we  know  the  strength,  and  so 
ascertain  the  amount  of  acetic  acid  contained  in  the  distillate, 
Accorihng  to  this  plan  the  foUowing  experimenta  were  made. 
The  experiments  on  the  large  scale  mentioned  above  were 
not  so  made,  but  resulted  in  the  isolation  of  the  pure  absolute 
alcohol* 

rhysioloijkal  Effects  of  Alcohol  Meamrcd  hy  Menal 
Elimiimtmn. 

Some  years  ago  there  was  a  great  discussion  on  the  question  : 
la  alcohol  food  or  phjsic  ?  while  hundi'eds  of  men  talked  about 
it,  none  ever  dretimed  of  setting  to  work  to  ascertain  the  solutif>n 
of  the    question,   until   three    French   learned    men,   namely, 
Lallemand,  Perrin,  and  Duroy  (the  first  one  the  late  surgeon 
who  died  in  the  Freneli  Mexican  expedition),  investigated  the 
question  whether  alcohol  when  it  was  taken  into  the  body  was 
actually  burned  up,  as  Liehig  had  stated,  or  Avhether  it  was  given 
out  again  unchanged.     They  caused  a  man  who  could  consume 
a  great  quantity  of  alcohol  to  drink  a  certain  quantity,  and  then 
they  collected  his  urine,  distilled  it  over,  and  to  their  very  grea  t 
surprise  they  found  that  the  alcohol  reappeared  in  the  urine. 
They  could  bum  it,  they  could   show  its  presence,  and  they 
straightway  went  to  the  conclusion  that  the  alcohol  is  entirely 
secreted,  and  is  a  stimulant  and  not  a  food*     In  1865  this  ques- 
tion engaged  my  attention,  and  1  availed  myself  of  an  opportunity 
which  I  had  of  making  an  experiment  on  a   large   scale.     44 
bottles  of  wine  were  drunk  by  33   men   during  six   hours   of 
athletic  sports,  and  their   urine  passed  during  six   hours   was 
collected  under  my  observation  for  analysis.     It  was  then  sub- 
jected to  24  distillations,  whereby  with  the  aid  of  dehydration 
by  copper  sulphate  a  small  quantity  of  alcohol  was  obtained 
weighing  10  grm.     Then  arose  the  question :  In  what  propor- 
tion does  the  alcohol  recovered  stand  to  the  alcohol  consumed  ? 
and  there  we  must  again  be  guided  by  chemical  analysis.    The 
44  bottles  ivhich  were  drunk  by  the  33  men  contained  4000 
grm.  of  absolutt!  alcohol,  and  there  w^ere,  after  dehydration,  10 
grm.  of  alcohol  obtained^  the  rest  having  been  burned  up  in  the 
system.     Supposing  that  10  grm.  more  passed  out  through  the 
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breath,  the  pores  of  the  skin,  &c.,  it  would  only  give  5  grm*  out 
of  every  thousand,  or  J  per  cent,,  as  the  quantity  which  was  left 
uttused  by  the  system.     We  have,  therefore,  here  a  direct  proof  i 
that  out  of  the  whole  qunntity  of  alcohol  drank  only  a  quarter^ 
per  cent,  was  excreted  by  the  kidneys. 

Subsequently  Dr.  Dupre,  Lecturer  on  Chemistry  to  the  West- 
minster Hos{>itul,  made  a  great  many  smaller  experiments  in 
order  to  test  whether  the  aV>ove  was  not  an  exceptional  fact  but 
the  actual  and  invariable  rule. 

Ejcperiment  with  Bovdmux  Whie  upon  Six  Men, — Six  young  i 
men  consumed  255  fluid  oz,  of  red  Bordeaux  wine,  containing^ 
11,018  grains  of  absolute  alcohol.  The  obBervation  commenced  at 
1  o'clock  RM,,  and  within  an  hour  and  a  half,  during  which  the 
men  wxre  engaged  in  sports  and  gj^ranaatic  exercises,  four-fifths 
of  the  wine  had  been  taken.  All  were  more  or  less  affected,  two 
very  strongly,  which  had  not  been  the  case  in  the  previous 
experiment  Their  urine  was  collected  till  5  p.m.,  and  found  to 
aoKmnt  to  210  fluid  oz.  It  was  four  times  distilled  viitii  the 
\isi\tt\  precautions.  The  final  distillate  amounted  to  3  oz.  The 
specific  gravity  of  this  distillate  at  ISS*^  C,  was  989  16,  and 
therefore  contained  632  per  cent,  of  absolute  alcohol  by  weight, 
A  portion  of  the  samtj  distillate,  when  oxydised  by  potassium 
dichromate  and  sulphuric  acid,  gave  an  amount  of  acetic  acid 
which  was  equivalent  to  6  per  cent,  alcohol  Another  portion  of 
the  distillate  tested  in  Geissler's  vaporimeter  gave  an  indication 
leading  to  7'3  per  cent  alcohol,  which  would  indicate  that  there 
was  a  small  quantity  of  a  substance  more  volatile  than  alcohol 
contained  in  the  niLxture. 

Absolute  alcohol  taken  in  255  oz.  of  wine  =  11,088  grains. 
,.  ^,        obtained  from  21 G  oz.  of  urine  =  91'03  grains. 

Therefore  of  every  121  8  grains  of  alcohol  taken,  1  gi-ain  was 
reobtained  from  tlie  urine.  Of  100  al)9olute  alcohol  only  0*82, 
or  a  little  more  than  four-fifths  per  cent.,  was  i*ecovered. 

In  my  experiment  on  the  large  scale  we  could  not  be  sure 
whether  some  very  small  quantity  of  the  wine  may  not  have 
been  accidentally  lost.  But  the  foregoing  experiment  was 
minutely  accurate  in  this  respect.  The  quicker  consumption  in 
the  second  case  may  have  made  a  diflerence,  for  less  alcohol 
passes  into  the  urine  in  proportion  as  we  drink  it  in  smaller 
quantities  and  at  longer  intervals ;  and  I  Ijelieve  from  further 
experiments  that  there  is  a  limit,  and  that  if  we  do  not  pass  that 
limit  no  alcohol  whatsoever,  excepting  the  merest  infinitesimal 
portion,  passes  into  the  urine,  and  that  is  8,  or  10,  or  12  ounces 
of  wine,  namely,  ju.st  that  quantity  which  a  reasonable 
might  drink  with  advantage. 
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Estimation  of  the  Alcohol  Eliminated  by  the  Kidneys  in  Healthy 
Individtials,  after  the  Ingestion  into  the  Stomach  of  different 
Alcoholic  Liquids  containing  known  quantities  of  Absolute 
Alcohol  {Dupri), 

Experiments  with  Rhine  Wine  upon  a  Man, — The  subject  of 
the  experiment  voided  all  urine  at  10*30  a.m.,  and  took  10  oz.  of 
Rhine  wine  containing  1  oz.  by  measure  of  absolute  alcohol. 
While  the  urine  passed  at  10*30  had  yielded  no  tests  indicating 
the  presence  of  alcohol. 

At  11.30  A.M.  2    oz.  of  urine  ptissed  contained  alcohol. 

At  12.30  P.M.  If  oz.  do.                       do. 

At    1.30  P.M.  l\  oz.  „            ^ 

At    2.30  P.M.  1    oz. 

At    3.30  P.M.  If  oz.  „             y 

At    4.30  P.M.  l|  oz. 

At    5.30  P.M.  3    oz.  (2  oz.  distilled)  J 


contained  no 
alcohol. 


The  urine  from  5.30  p.m.  to  9.30  a.m.  of  the  next  day,  13  oz. 
in  all,  was  distilled  repeatedly  until  it  amounted  at  last  to  ^  oz. ; 
it  contained  no  alcohol 

When  the  reactions  which  were  yielded  by  the  urine  which 
contained  alcohol  were  compared  to  those  of  fluids  containing  a 
known  amount  of  alcohol,  it  was  estimated  that  less  than 
iV  (one-tenth)  of  a  grain  of  alcohol  was  present  in  all  In  this 
case,  therefore,  less  than  ^-^-^  of  the  alcohol  taken  appeared  in 
the  urine. 

Experiment  with  Bed  Bordeuux  Wine  upon  a  Man. — The  sub- 
ject emptied  his  bladder  at  11  A.M.,  and  the  urine  was  found  to 
be  free  from  alcohol  He  then  drank  8  oz.  of  red  Bordeaux 
wine,  containing  1  oz.  by  measure  of  absolute  alcohol.  The  urine 
passed  at  12  o'clock  (noon)  measured  5^  oz.  and  contained 
alcohol,  but  only  the  slightest  trace,  less  than  jj^jf  of  the  whole 
taken.  2^  oz.  passed  at  1  p.m.  ;  2  oz.  passed  at  2 ;  1  oz.  passed 
at  3 ;  2  oz.  passed  at  4  o'clock  p.m.,  were  all  quite  free  from 
alcohol. 

Experiment  unth  Bum  upon  a  Healthy  Man. — ^The  subject 
emptied  the  bladder  at  11  o'clock  p.m.,  took  2  oz.  of  rum  of 
almost  proof  strength,  and  went  to  bed  half  an  hour  afterwards. 
All  urine  passed  during  12  hours  succeeding  was  collected,  and 
amounted  to  13  oz.  After  the  addition  of  a  little  sulphuric  acid 
it  was  subjected  to  distillation,  and  5  oz.  of  distillate  were 
obtained.  This  was  made  alkaline  and  again  distilled  until  1^ 
oz.  of  distillate  were  obtained.  This  was  again  made  alkaline  and 
1  oz.  of  fluid  drawn  off.  Of  this  last  fluid  1  c.c.  mixed  with 
the  chromic  acid  test  gave  only  the  slightest  possible  reduction; 
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and  that  only  after  some  time.  In  order  to  obtain  an 
eBtimate  of  some  kind  of  the  quantity  of  alcohol  contained  in  the 
I  oz.  last  distillate,  1  ex.  of  absolute  alcohol  was  mixed  with  2000 
c.c.  of  water.  1  €.c>  of  this  mixture  added  to  1  c.e.  of  chromic 
acid  test  gave  a  strong  reduction,  and  even  i  c.c.  ^^ave  a  sligl 
effect,  which  became  nmre  marked  on  standing.  We  may  there-l 
fore  estimate  that  the  last  distillate  contained  less  than  1 
alcohol  in  2000  irater,  or  the  1  oz.  less  than  |  of  a  grain.  Cou- 
aequently  of  the  whole  of  the  alcohol  consumed  less  than  »Aif 
part  reappeared  in  the  exci-etion. 

Hsiimfifion  of  the  Alcohol  Elimitutkd  by  the  Kida€y&  in  Sick 
Individiiah,  after  the  hujestio^i  into  the  Stomach  of  Alcoholic 
Liquids  coniainiiig  hwum  quaiUitics  of  AbsolttU  Alcoliol. 

The  question  of  the  analysis  of  urine  in  regard  to  alcohol  is  of 
the  utmost  practical  importance  in  reference  to  the  treatment  of 
fever  and  acute  diseases,  in  fact  any  diseases  whatever.  Of  late 
years  the  practice  has  arisen  of  treating  diseases,  particularly 
fevers,  with  lar^re  quantities  of  alcohol  This  practice  was  mainly 
introduced  by  the  late  Dr.  Todd  of  King*s  College  Hospital.  In 
some  cases  there  30  and  40  ounces  of  brandy  were  consumed  by  a 
single  patient  in  twenty-four  hours,  and,  according  to  the  records 
which  were  kept,  those  pemons  experienced  no  disadvantage 
whatever  from  taking  those  enormous  quantities  of  alcohol  20 
oz.  of  absolute  alcohol  would  kill  any  ordinary  healthy  person  if 
he  drank  it  in  twenty-four  liours,  but  with  these  fever  patients 
the  higher  their  fever  the  more  alcohol  could  they  consuiue,  and 
afiparenlly  w*ithout  any  disadvantage  to  themselves,  but  rather 
the  contrary.  Now  there  came,  of  course,  the  question,  What 
becomes  of  this  alcohol  ?  Is  it  excreted  ?  Is  it  used  merely  as 
chloroform  is,  only  to  produce  anaesthesia,  and  does  it  then  go 
away  again  or  not?  and  Diiprd  therefore  made  the  experiment 
here  related. 

£;j^erimenis  mth  Wine  and  Bramit/  upon  a  mse  of  Typh^ts 
Fever. — The  patient  took  6  oz.  of  brandy  daily,  and  on  some 
days  additional  quantities  of  wine. 

First  day  of  experiment.^Total  urine  from  twenty-four  hours 
20  oz, ;  distilled  with  acid,  alkali  and  acid,  as  in  the  experiment 
with  rum.  I  oz.  of  final  distillate  contaiued  less  than  \  gr.  of 
alcohoL 

Second  day, — 6  oz.  of  brandy  and  18 J  oz.  of  wine.  The  last 
distillate  of  1  oz,  contained  decidedly  less  than  J,  a  little  more 
than  I  of  a  gr.  of  alcohol 

Third  day. — 6  oz.  of  brandy  and  If4  oz.  of  wina  The  last 
distillate  of  1  oz.  contained  less  than  \  gn  of  alcohol. 

Fourth  day«— 6  oz.  of  brandy  only.     The  final  distillate  from 
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020  c.c.  of  urine,  amounting  to  1  oz.,  contained  less  than  J,  a 
little  more  than  ^  of  a  grain  of  alcohol 

Fifth  day.— 6  oz.  of  brandy  only.  The  last  distillate  from  630 
c.c.  of  urine  contained  less  than  i,  a  little  more  than  iV  of  a  gr. 
of  absolute  alcohol 

Sixth  day. — 6  oz.  of  brandy  only.  The  last  distillate  was 
oxydised  by  chromic  acid,  and  the  acetic  acid  produced  was 
estimated ;  it  indicated  less  than  i  gr.  of  alcohol. 

Seventh  day. — 6  oz.  of  brandy.  The  faeces  were  examined 
exactly  like  the  urine,  and  less  than  ^  gr.  of  alcohol  found  to 
be  present.  J  gr.  of  alcohol  was  added  to  18  oz.  of  water  and 
distilled  as  the  urine  in  the  foregoing  experiment.  The  last 
distillate  of  1  oz.  contained  more  than  ^,  only  a  little  less  than 
^  gr.  of  absolute  alcohol. 

Now  we  see  here  the  quantities  of  alcohol  which  proceed  from 
the  typhus  body  are  not  larger  than  those  which  would  pass  from 
an  ordinary  healthy  person ;  consequently  it  was  quite  clear  that 
these  enormous  quantities  of  alcohol  taken  are  consumed  in  the 
economy,  are  oxydised  Whether  they  are  beneficially  consumed 
or  otherwise  must  remain  for  future  research  to  determine  ;  but 
I  have  not  the  slightest  doubt,  from  my  own  experience,  that  the 
giving  to  typhus  patients  considerable  quantities  of  wines  and 
alcoholic  drinks,  not  concentrated,  but  refreshing,  stimulating, 
good,  well-tasting  drinks,  containing  not  much  sugar,  is  one  of 
the  most  beneficial  things  that  can  be  done. 

These  researches  might  be  multiplied.  In  fact  they  ought  to 
be  spread  over  a  much  larger  number  of  cases. 

Physiological,  Pathological,  and  Social  Aspect  of  the  Alcohol 
Question  as  Affecting  Kidney  Elimination. 

We  will  now  consider,  for  a  short  time,  the  physiological 
effects  of  alcohol,  in  order  to  make  our  case  complete.  It  is 
found  that  alcohol,  when  taken  in  large  quantities,  before  it 
produces  collapse  and  intoxication,  lowers  the  temperature  of  the 
body  considerably.  Experiments  have  been  made  upon 
drunkards,  or  at  least  people  who  are  in  the  habit  of  drinking  a 
great  deal.  If  we  take  such  a  man,  and  let  him  drink  as  much 
as  he  can  and  likes,  we  find  that  his  temperature  when  he  is  in 
that  state  is  considerably  decreased,  even  by  one  or  two  degrees 
In  ordinary  persons  who  take  the  quantity  of  alcohol  which  I 
propose  to  make  the  standard,  namely,  two  ounces  in  a  given 
time,  no  lowering  of  the  temperature  takes  place,  but  rather  a 
slight  increase,  a  quarter  of  a  degree  or  so,  but  not  more. 

A  reaction  of  alcohol  which  we  make  use  of  is  its  property  of 
attracting  water,  by  means  of  which  it  precipitates  albumen. 
When  we  mix  the  alcohol  with  white  of  egg  albumen  is  precipi- 
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tated.     For  a  time  this  precipitate  m  soluble  id  water,  but  af 
a  certain  time  it  is  no  longer  bo.     The  anatomical 
which  we  have  in  our  inuseuma  are  all  preserved  in  that  way.! 
The  water  is  withdrawn   from  them  by  the  alcohol,  they 
repeatedly  steeped,  and  ultimately  they  are  kept  in 
ilmost  unchangeable.     Alcohol  is  also  made  use  of  for  the 
vation  of  many  kinds  of  fruit,  such  as  cherries.     It  is  a  ver 
carious   fact  that  the  pulp  of  fruit  has  a  very  great  pov 
of  retaining  alcohol,  so  much  so  that  in  the  making  of  wines  in] 
France  it  is  very  well  known  that  there  is  much  alcohol  containe  " 
in  the  mure,  or  the  residae  of  the  stalks,  and  the  husks  of  blacl 
grapeSp  and  that  it  is  necessarj'  to  press  the  mure  very  stronglj 
in  order  to  obtain  the  alcohol  which  is  in  the  mixture  of  mu? 
and  wine.     And  so  when  we  steep  pears,  or  apricots,  or  ^ 
or  any  of  those  many  fmits  which  are  preserved  in  France,  we^ 
nlways  find  that  they  attract  a  large  quantity  of  spirit,  and  the 
liquid  which  we  press  out  of  the  fruit  itself  is  mnch  stronger  in 
respect  to  alcohol  than   the  liquid   in  which  it  is  suspended. 
Thus  in  eating  brandy  cherries  we  eat  more  concentrated  brandy ■ 
than  we  would  drink  if  we  were  to  drink  thft  liquid  in  which  ' 
they  are  kept. 

1  will  for  a  moment  consider  the  laige  quantities  of  alcohal  j 
which  are  consumed  in  this  country.  In  England  there  are! 
unnually  consumed  20;(}0(J,llOn  barrels  of  lieer  of  36  gallons  e^acb. 
Wine  is  not  corapmrativcly  much  drunk  in  this  country,  but 
brandy  is  in  euormous  quantities.  The  tax  upon  alcohol  as  i 
whole  realises  more  than  £1(1,000,000  of  revenue,  and  we  can  see,^ 
therefore,  that  alcohol  is  drunk  by  almost  the  whole  of  the  popu- 
lation, with  no  very  great  exception.  There  is  no  doubt  that  by 
this  practice  of  drinking  alcohol  in  lai*ge  quantities,  particularly 
what  are  (uilled  "raw  spirits,'*  many  diseases  are  engendered,  and 
in  Loudon  in  particular  a  vast  amount  of  the  disease  which 
shows  itself  in  the  hospitals  is  caused  by  the  consumption  of 
enormous  quantities  of  porter  on  the  part  of  the  labouring  classes. 
If  we  ob3er\'0  labourers  at  work-in  Iniilding  houses,  for  example, 
we  •sometimes  sec  them  throughout  the  day  drinking  ymrter  by 
tlie  half  innt  or  pint,  and  the  potman  comes  round  from  the 
jiulilic-house  at  frer[nent  intervals  with  fresh  supplies ;  and  this 
independently  of  what  the  labourer  will  drink  at  the  public-house 
nf tcr  his  work  i.s  over.  These  cases  furnish  the  8tjt|de  of 
particular  forms  of  kidney  disease ;  and  the  habit  of  drinking 
large  quantities  of  spirits  and  beer  is  to  be  deprecated  as  highly 
dangCRJUS  and  objcctionabla  But  when  from  this  the  conclusion 
in  diawn  that  alcohol  ought  altogether  to  be  abandoned,  and  that 
we  all  ought  to  do  without  any  alcohol,  I  must  say  that  that  is 
one  of  the  most  overstrained  propositions  that  could  be  made. 
Alcohol,  when   we  have   worked  and   are  fatigued,  is   a  great  | 
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restorative  and  stimulant  and  food,  and  one  of  the  greatest 
necessities  of  human  life  ;  and  perhaps  there  has  been  no  time 
and  no  nation  in  which  some  kind  of  alcohol  has  not  been  used, 
and  mostly  in  the  largest  number  of  cases  beneficially.  If  we  do 
not  exaggerate  the  quantity  which  we  introduce  into  our  stomach 
we  will  never  have  reason  to  fear  that  our  kidneys  will 
be  damaged  by  that  quantity  of  alcohol  which  will  pass  through 
them  and  be  excreted. 


CHAPTER  LVI. 
ACETONE.  G^H^O. 


^1 


HISrrOST  ASD  UTOUTtJVK. 

AcrroSTK  was  diaoorer^  in  diabetic  niiiie  by  PeU«f9 
(-  Viert«ljali»chrift  fur  die  Pract.  HeOkunde,"  Prag.  3  (1857). 
87),  under  the  guidance  and  at  the  suggestion  of  Leroh,  tben 
Director  of  tbe  InsdtaLe  for  Animal  Chemirtiy  ai  Pmgiia  The 
leseaidies  of  Bnnstem  (**  CentralbL  Mad.  Wkseucliaffc.'  1874 
Kr.  55)  aoggestea  that  the  acetone  obtained  from  diabelic  urine 
is  not  present  in  it  as  such,  but  is  the  product  of  the  deoomposi 
tion  by  boiling  of  an  acid,  ethyl-diacetic  acid,  which  on  decom^ 
position  yields  acetone,  alcohol,  and  carbonic  acid  (Gcnther), 
This  view  has  not  been  confirmed  by  the  inTeetigations  of 
MarkownikoffC^Ann.  Chem,"  182  (1876),  362),  who,  although' 
he  found  some  alcohol  by  the  side  of  the  acetone  in  the  urine  of 
diabetic  patients,  showed  that  it  did  not  stand  in  that  proportion 
to  the  acetone  which  would  be  demanded  by  Rupstein'a 
hypothesis. 

Mod4  ofObimning  Acetifne. 

Acetone  is  obtained  by  the  destnictiv^e  distillation  of  acetates^ 
particularly  the  salts  of  calcium,  bar^^um,  magnesium,  or  lead,  or 
by  exposing  the  vapourn  of  acetic  acid  to  a  red  boat  on  their 

Sassage  through  a  tube.  It  is  further  one  of  the  products  of  the 
6  struct! ve  distillation  of  sugar,  tartaric  acid,  cellulose,  and  other 
bodies,  and  occurs  therefore  in  the  common  pyroligneous,  or 
pyroacetic  spirit. 

Mode  of  Obtaining  Actt&ne/rom  Dia^/eiic  Vrijii-. 

Tbe  urine  is  acidilied  with  turtaric  acid,  and  distilled,  until  at 
least  half  the  bulk  has  been  condensed.  The  distillate  is  rectified 
three  times,  and  the  product  distilled  three  times  over  dry  sodio 
sulphate ;  the  last  distillate  is  now  treated  with  dry  potassio 
carbonate,  Jtnd  a^n  distilled.  The  product  thus  obtained  is  yet 
contaminated  with  small  quantities  of  a  neutral  volatile  matter, 
smelling  of  rotten  horse  dung:  from  this  it  is  separated  by 
repeated   distillation    from   the   water-bath       It  still   eonLains 
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alcoliol,  wliich  is  fixed  by  letting  the  niixtiire  stand  with  fused 
calcic  chloride,  decanting  the  liquid,  and  distilling  from  the 
water-bath.  The  distillate  is  pure  acetone.  The  chloride  of 
calcium  couiponnd,  on  decomposition  witli  water,  and  distillation, 
yields  an  alcoholic  fluid,  which  may  be  concentrated  and  treated 
80  as  to  obtain  pure  alcohol  directly,  or  transformed  into  ethylic 
iodide.  The  boiling  point  of  the  latter  proves  the  liquid  to  have 
contained  abnost  pure  ethylic  alcohol,  with  traces  only  of 
butylic  and  propylic  alcohol,  but  probably  not  a  veatige  of 
amylic, 

Phi/dcui  ami  C^hcmical  Propertie.s, 

Acetone  is  a  colourless,  thin  liquid  of  0-874  &p,  gr,  at  0'', 
and  boils  at  56°.  It  is  soluble  in  water,  alcohol,  and  ether,  and 
may  be  mixed  with  them  in  any  proportion.  Like  alcohol, 
it  diBSoIves  many  substances  which  are  insoluble  in  w^ater,  auch 
as  resins  or  pigments.  In  contact  with  hydratcd  caustic  alkali 
and  oxygen  it  becomes  brown,  and  is  transformed  into  a  resinous 
aubstance.  The  vapours  of  acetone  passing  over  heated  soda 
lime  give  off  hydrogen,  and  are  transformed  iuto  acetic  and  formic 
acid,  which  remain  combined  with  the  soda.  The  molecular 
formula  of  acetone  is  C^H^f), 

Bia^nosu  and  Si{/}ii^4^nce  of  Acetone  in  the  Urine  of  Diabetic 

Patients, 

It  has  often  been  observed  that  the  breath,  urine,  and  sweat  of 
diabetic  persons  has  a  peculiar  odour  which  attracts  attention, 
and  is  compared  to  various  smelling  substances  ;  auch  observa- 
tions have  been  recorded  by  Hodges  ('*  London  Med.  Gaz/'  1843), 
Hodgkin  ("Assoc.  Med.  Journ."  1854,  Nr.  93),  Rother  C*Preuss. 
Ver.  Zeit/'  1844,  Kr,  9),  Brand  C*  Deutsche  KUnik,"  1850,  Nr. 
6),  and  others.  It  is  not  necessary  to  state  the  odours  to  which 
the  smell  of  diabetic  matters  (including  parts  of  the  dead  body) 
has  been  compared,  but  it  must  be  borne  in  mind  that  the  smell 
has  repeatedly  been  found  to  be  so  characteristic  as  to  lead  the 
physician  to  the  diagnosis  of  diabetes.  Observations  should  be 
made  on  the  breath  of  diabetic  patients  for  the  purpose  of 
identifying  the  odoriferous  ingretfient  with  the  acetone  and 
afcubol  which  appear  in  the  urine. 

Gerhai\lt  bad  observed  that  diabetic  urine  which  yielded 
acetone  gave  a  reddish-brown  coloration  with  ferric  chloride. 
As  the  ethylene-dimethyle  carbonic  acid  of  Geuther  (also  termed 
ethyl-diacetic  acid)»  CgHi^jO^,  also  gives  this  reaction  with  ferric 
chloride,  and  is  easily  decomposed,  forming  acetone,  alcohol,  and 

rbonic  acid,Gerhardt  formed  the  hypothesis  that  diabetic  urine 

ntained  this  acid,  and  that  the  acetone  found  by  its  distillation 
was  formed  by  its  decomposition. 


Bapeleiii  tested  this  hypothesis  upon  the  urine  of  a  dinl 
female,  aged  forty.  The  urine  gave  the  red-brown  colour  witl 
ferric  chloride*  which  disappeared  on  heating.  The  fresh  urine 
liad  no  peculiar  odour,  evolved  the  odour  of  acetone  after  half 
iin  hoards  boiling,  and  then  did  no  longer  give  the  colour  with 
ferric  chloride.  I-efb  to  stand  for  from  8  to  14  days,  the  urine 
had  lost  the  power  of  reacting  with  ferric  chlorida  Geuther'a 
acid  added  to  normal  urine  caused  it  to  show  the  same  phenomena 
as  the  diabetic  urine,  Rupstein  now  treated  large  quantities  of 
diabetic  urine,  acidified  by  acetic  acid,  with  ether,  and  found  in 
the  ether  solution  an  acid,  which  beeame  reddish-brown  with 
ethereal  solution  of  ferric  chloride.  Without  previous  addition 
of  acetic  actd  the  ether  did  not  extract  the  acid  in  question  ;  for 
which  reason  Knpstein  assumes  it  to  be  present  in  the  urine  a«J 
sodium  salt,  C^H^aO^  m 

However,  in  this  argument  the  substances  which  are  normally 
present  in  healthy  urine,  and  give  a  brownish-red  colour  to  ferric 
chloride,  are  not  sufiBciently  excluded,  or  accounted  for ;  and  a 
deepening  of  colour  of  ferric  chloride  is  obtained  vnth  so  many 
substances  that  it  cannot  be  diagnostic  of  any  one  of  them. 
Moreover,  it  is  not  proved  that  ethyl-diacetic  acid,  which  is  the 
ethylic  ether  of  aceto-acetic  acid,  does  decompose  in  acid  eolu 
tions,  and  it  should,  according  to  theory,  to  which  experien< 
corresponds,  decompose  only  in  alkaline  solution.  Moreover, 
the  acetone  from  diabetic  urine  had  this  origin,  it  should  alwa; 
be  accompanied  by  its  equivalent  of  alcohol,  or  in  round  numbers 
with  every  5  parts  of  acetone  there  should  be  obtained  4  parts  of 
alcohol  This  is,  however,  not  the  fact  Markownikoff  obtained 
from  73  litres  of  urine  from  a  diabetic  boy,  aged  sixteen,  who 
was  melancholic,  and  whose  breath  smelled  similar  to  the 
breath  of  persons  who  have  inhaled  chloroform,  33  grm,  of 
anhydrous  acetone  mixed  with  alcohol.  From  this  mixture  only 
3  grm,  alcohol  were  obtained,  the  30  grm,  were  acetone.  From 
82  litres  of  the  urine  of  a  diabetic  girl  he  obtained  only  5  grm. 
acetone,  and  with  this  so  little  alcohol  that  it  was  scarcely 
sufficient  to  determine  the  boiling  point  of  its  iodide.  He  there- 
fore supposes  that  both  the  acetone  and  the  alcohol  appear  in 
these  cases  as  the  products  of  a  particular  kind  of  fermentation 
of  the  grape  sugar,  and  that  this  fermentation  is  caused  by  a 
particular  kind  of  fei-ment  produced  in  the  dialietic  body.  The 
quantity  of  acetone  formed  is  dependent  upon  the  quantity  of 
such  ferment,  which  the  diabetic  economy  may  produca  This 
hypothesis  is  applicable  to  the  case  of  Fetters,  in  which  acetone 
was  first  discovered. 

A  Jewess,  thirty  years  old,  shopwoman,  was  admitted  into  the 
Trague  Hospital  She  had  undergone  much  privation  during 
♦  ighteen  years.     She  had  been  treated  as  an  out-patient  for  con- 
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stipation.  Five  weeks  before  admission  she  was  suddenly 
attacked  by  violent  pain  in  her  stomach,  and  repeated  vomiting. 
The  bowels  had  been  confined  during  six  days.  She  was  relieved 
by  a  purgative,  and  returned  a  week  afterwards,  complaining  of 
continued  great  thirst,  and  of  the  necessity  to  pass  urine  more 
frequently  and  in  larger  quantities.  The  diagnosis  of  diabetes 
was  established  by  the  discovery  of  sugar  in  her  urine.  The 
symptoms  continued  to  increase  in  intensity,  the  pain  in 
the  stomach  and  vomiting  .returned,  and  she  at  last  consented  to 
be  received  into  the  hospital 

On  her  arrival  she  vomited.  Her  tongue  was  found  a  little 
moist ;  the  saliva  had  an  acid  reaction.  The  breath  had  a  strong 
spirituous  odour.  The  examination  of  the  organs  of  respiration 
and  circulation  revealed  no  lesion.  The  urine  was  straw  yellow, 
of  a  strongly  acid  reaction,  and  1*0315  sp.  gr.  contained  4  per  cent, 
of  sugar,  much  urea,  and  scarcely  a  trace  of  uric  acid. 
Besides  a  strong  peculiar  odour,  it  ofiTered  no  peculiarities.  The 
patient  herself  complained  of  weakness,  thirst,  and  pain  in  her 
stomach. 

On  the  morning  after  her  admission  she  was  in  a  sort  of 
narcotised  condition,  and  gave  off  a  spirituous  odour  similar  to 
that  of  chloroform,  which  was  so  intense,  that  after  a  little  time 
it  became  perceptible  in  the  whole  ward,  and  was  noticed  by  all 
other  patients.  One  of  the  clinical  assistants  was  misled  to  the 
opinion  that  chloroform  had  been  administered  to  the  patient 
during  the  night  The  patient  was  almost  uncQUScious,  and  lay 
there,  the  eyes  half  open,  and  all  muscles  relaxed.  Her  skin  was 
cool,  and  showed  33 'O""  in  the  axilla ;  the  face  was  slightly  flushed, 
the  eyes  surrounded  by  a  halo,  the  looks  fixed.  The  patient  was 
like  a  person  half  under  the  influence  of  chloroform ;  her 
extremities  dropped  like  paralysed  on  being  raised,  and  a  few 
words  could  be  elicited  when  her  consciousness  had  been  made 
to  return  for  a  moment  by  questioning  with  a  loud  voice.  She 
had  a  small  pulse  of  92  beats  per  minute.  The  abdomen  was 
distended  with  gas.  As  she  had  passed  no  water  since  the  night, 
the  catheter  was  applied,  and  a  pound  of  urine  was  withdrawn, 
which  was  pale  yellow,  contained  sugar  (specific  gravity  1027), 
and  much  of  the  odoriferous  principle.  Including  this  quantity, 
the  patient  had  only  passed  ninety-three  fluid  ounces  of  urine 
during  the  last  twenty-four  hours ;  the  secretion  of  urine  then 
ceased  entirely.  The  swelling  of  the  abdomen  increased,  she 
complained  of  much  pain  in  the  stomach  in  moments  of  return- 
ing consciousnesss,  and  died  next  morning,  thirty  hours  after  the 
beginning  of  this  extraordinary  condition. 

The  poet-mortem  examination  revealed  no  particular  lesion  in 
any  organ  except  the  intestinal  canal,  which  was  veiy  much  dis- 
tended with  gas,  the  inner  surface  covered  with  a  thick,  greyish- 
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white  mucous  layer,  and  tlie  inner  nienibranes  very  much 
congested.  The  contents  of  the  stomach  resembled  fermenting 
grain,  and  consisted  of  a  brownish,  flaky  mixtui^e,  which  evolved 
a  spirituous  pricking  odour,  and  also  llie  i>eculiar  odour  of  the 
other  secretions.  It  hud  an  acid  reaction,  and  gave  the  tests  for 
grape  sugar.  The  microscope  revealed  some  tibres  of  fleshj  some 
starch  corpuscles  in  a  disintegrating  condition,  and  numerous 
yeast  cells. 

The  urine  on  distillation  yielded  an  alkaline^  clear  fluid,  which 
had  the  odour  of  ammonia,  cfirbolic  acid,  and  an  empyreumatic 
spirituous  substance ;  and  after  neutralisation  with  dilute 
sulphuric  acid  and  repeated  rectification,  allowed  the  characteristic 
odour  to  appear  more  freely.  The  distillate  was  again  rectified 
over  chloride  of  sodium,  and  afterwards  once  more  for  itself  in 
the  water-bath,  when  a  colourless,  clear  fluid,  strongly  refracting 
light,  of  neutral  reaction  and  biting  taste,  was  obtained,  which 
was  easily  inflammable,  and  burned  with  a  bright,  strongly 
lighting  flame.  Its  odour  was  very  nmch  like  that  of  aldehyde ; 
it  had  a  neutral  reaction.  The  fluid  became  brown  when  mixed 
with  sulphuric  acid.  As  caustic  potash  produced  a  brown 
resinous  body  in  the  fluid,  and  solutions  of  oxyde  of  silver  caused 
no  reduction  io  it,  it  was  surmised  to  be  acetone,  but  it  is  evident 
that  the  pos-^ibility  of  it-s  having  contained  some  alcohol  is  not 
excluded. 

The  blood  had  a  strong  odour  of  acetone.  But  its  quantity 
was  not  sufficient  to  isolate  that  substance.  It  contained  sugar, 
and  was  faintly  alkaline.  The  wateiy  extract  of  the  lungs, 
subjected  to  distillation,  yielded  a  neutral  distillate,  smelling  of 
newly-baked  bread,  which,  after  repeated  rectification,  with 
addition  of  sulphuric  acid,  and  afterwards  of  chloride  of  sodium, 
lastly  after  distilhition  from  the  water-bath  gave  drops  which 
strongly  smelled  of  acetone,  yielded  the  above  reactions,  and 
were  combustible. 

The  presence  of  acetone  in  the  urine  and  blood  was  therefore 
estabhshed,  and  it  is  most  probable  that  to  the  anaesthetic  effect 
of  this  substance,  di  ft  used  through  the  whole  system  as  it  was, 
the  comatose  condition  and  fatal  end  of  this  case  were  due. 

The  contents  of  the  stoinnch  did  not  yield  acetone,  but  alcohol 
seemed  to  be  present.  The  mucus  of  the  glmidular  surface*  of 
the  stomach,  after  the  latter  had  been  washed  with  distilled 
water,  was  found  to  possess  the  property  of  transforming  starch 
into  sugar  and  gum,  and  sugar  into  alcohol  and  carbonic  acid. 
The  contents  of  the  stomach  possessed  the  same  power,  which  is 
not  possessed  by  normal  gastric  juice.  The  influence  of  saliva 
was  carefully  excluded  in.  the  experiment  with  the  mucus  from 
the  glandular  membrane  of  the  stomach. 
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CHAPTER    LVII 

ALLANTOINE,  Cfi^;Sfi^. 


HISTORY  AND  LITERATURE. 

Allaktoine  was  discovered  in  1800  by  Vauquelin  and  Buniva 
(**'  Ann.  Chim."  33,  269)  in  the  allantoic  fluid  of  the  cow,  which 
was  mixed  with  amniotic.  Lassaigne  ("Ann  Chim."  42, 
406)  showed  that  the  substance  was  peculiar  to  the  allantoic 
fluid.  Liebig  and  Wohler  ("Ann.  Chem."  26,  244)  discovered 
allantoine  as  a  product  of  the  oxydation  of  uric  acid,  and  Wohler 
("  Ann.  Chem."  70,  229)  found  it  to  be  a  natural  ingredient 
of  the  urine  of  sucking  caJves.  Stadeler  once  obtained  allantoine 
from  the  urine  of  a  dog,  into  whose  veins  oil  had  been  injected, 
and  who  was  suffering  from  dyspnoea  in  consequence. 

Mode  of  Obtaining  Allantoine. 

The  allantoic  fluid  of  the  cow  (which  is  mostly  mixed  with 
amniotic  liquor)  is  evaporated  to  one  quarter  of  its  original  bulk, 
and  cooled  down  to  make  allantoine  crystallise.  Allantoine  is 
also  precipitated  from  the  fluid  when  it  is  allowed  to  stand  for 
some  length  of  time,  and  may  then  be  separated,  dissolved  in 
hot  water,  and,  after  filtration,  recrystallised. 

The  urine  of  calves  is  obtained  by  tying  the  bladder  before 
the  animals  are  killed  by  the  butcher.  This  proceeding  can 
only  be  adopted  in  countries  where  the  calves  are  killed  very 
early,  as  in  Germany  and  Switzerland.  In  this  country,  there- 
fore, other  proceedings  must  be  had  recourse  to  for  obtaining  the 
urine.  Among  those  which  are  practicable,  the  catheterism  of 
female  animals  appears  to  be  most  suitabla  The  urine  thus 
obtained  is  evaporated  on  the  water-bath  to  a  syrupy  consistence, 
and  is  put  in  a  cold  place  for  several  days,  then  diluted  with 
water.  The  gelatinous  precipitate  of  urate  of  magnesium  is  then 
removed  by  washing,  when  there  remain  only  crystals  of  phos- 
phate of  magnesium  and  allantoine.  They  are  now  washed  with 
a  little  cold  water,  boiled  with  water  and  a  little  good  animal 
charcoal,  and  filtered,  when  most  of  the  phosphate  of  magnesium 
remains  on  the  filter.  The  addition  of  a  few  drops  of  hydro- 
chloric acid  to  the  filtrate  keeps  in  solution  the  phosphate  of 
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raagneaium,  and,  on  cooling,  colnurless  aUantome  CTystalliBes  from 
the  solution. 

The  urine  of  dogs  snfferiny  from  dyspucea  by  injection  of  oil 
into  the  veins,  immediately  after  passing,  is  precipitated  with 
basic  acetate  of  lead,  and  the  excess  of  lead  'removed  from  the 
filtrate  by  sulphuric  acid  and  hydrothion.  The  colourless  fluid  f 
18  evaporated  on  the  water-bath.  The  residue  is  extracted  with 
boiling  spirit  of  wine  of  82  per  cent,,  and  the  yellowish  solution 
put  aside  in  a  well-closed  bottle.  After  the  lapse  of  several 
days  a  lai-ge  (quantity  of  small  white  groups  of  crystals  appear 
deposited  upon  the  sides  of  the  bottle,  which  are  almost  insoluble 
in  cold  water,  but  dissolve  in  boiling  water,  and  on  cooling  are| 
deposited  again  in  larger  glistening  crystals. 

Powdered  uric  acid  is  suspended  in  little  water,  and  heated  to 
near  the  boiling  point  Peroxyde  of  lead  in  a  finely  powdered 
state  is  now  added  to  the  fluid,  which  is  continued  to  be  kept 
hot,  until  the  last  portions  of  the  peroxyde  are  no  longer  trans- 
formed into  a  white  mass.  The  mixture  is  now  filtered  hot,  and 
the  filtiate,  on  cooling,  and  on  further  evaporation  and  cool*J 
ing,  yields  allaatoioe  in  crystals ;  the  mother-liquor  contains  urea^i 
from  the  laat  traces  of  which  the  crystals  of  allantoine  may  be 
separated  by  recrystallisation. 

Physical  and  Ovemical  Properties, 

Allantoine  crystallises  in  glass-like  needles,  which  have  the 
composition  C^H^N^Oa ;  when  obtained  from  uric  acid  it  rept 
seuts  rhombohedric  crystals,  combined  with  the  hexagonal  pr' 
or  column.  It  h  tasteless,  colourless,  and  has  no  reaction  on 
test-paper  Exposed  to  the  air  it  undergoes  no  change;  it  con- 
tains no  water  of  crystallisation. 

Allantoine  is  soluble  in  160  parts  of  cold  water,  in  30  of 
boiling  water ;  it  is  soluble  in  hot  alcohol,  and  crystallises  from 
both  these  hot  solutions  on  cooling.  It  is  soluble  in  cold solutioE 
of  caustic  potash,  and  is  precipitated  from  this  solution  by  thai 
addition  of  acids.  If,  however,  allowed  to  remain  in  this  solu- 
tion for  any  length  of  time,  it  is  metamorphosed.  It  is  soluble 
in  solutions  of  the  carbonates  of  the  alkalies.  When  boiled  with 
hydrate  of  potassium  or  baryum  it  is  resolved  into  ammonia  and 
oxalic  acid»  The  same  decomposition  takes  place  under  the  in- 
fluence of  yeast,  at  a  temperature  of  30^  Urea,  oxalate  and  > 
bonate  of  ammonium,  and  a  new  acid,  not  investigated,  are  the 
products  of  the  decomposition. 

Subjected  to  diy  distillation,  it  yields  carbonate  and  h) 
cyanate  of  ammonium,  empyreumatic  oil,  and  a  spongy  charcc 
Heated  with  oil  of  vitriol  it  is  decomposed  into  sulphate  of 
ammonium  and  a  mixture  of  carbonic  acid  and  oxyde. 

When  gently  warmed  with  nitric  acid  of  a  specific  gravity  of 
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1'2  to  1*4,  during  which  process  no  gas  is  evolved,  the  solution 
on  cooling  yields  nitrate  of  urea  in  crystals.  The  solution, 
on  being  evaporated  to  dryness,  leaves  nitrate  of  urea  and  allan- 
turic  acid — 

C,HeN,03\+H,0  =CH,N,0  +  /CsH^NA- 
V ^ ^/  V V '    Vv ^ i 

(AUantoine.  Urea.        Allanturic  acid.) 

The  same  decomposition  of  allantoine  can  be  brought  about 
by  boiling  it  with  hydrochloric  acid,  and  by  heating  it  enclosed 
with  water  in  a  strong  tube  to  a  temperature  of  from  110°  to 
140°.  Here  urea  is  further  decomposed  into  ammonia  and 
carbonic  acid. 

On  adding  to  a  boiling  saturated  solution  of  allantoine  in 
water  nitrate  of  silver,  and  then  ammonia,  so  long  as  a  precipitate 
is  being  formed,  a  combination  of  allantoine  with  (oxyde  of  ?) 
silver,  C^H^AgN^Oj,  is  obtained,  which  is  a  white  glistening 
powder,  and  under  the  microscope  appears  in  spherical  balls.  It 
is  decomposed  by  all  dilute  acid!s,  allantoine  being  set  free. 

A  solution  of  allantoine  is  not  precipitated  by  corrosive  sub- 
limate. It  is,  however,  precipitated  by  a  solution  of  nitrate  of 
oxyde  of  mercury,  and,  like  urea,  combines  with  mercury  in 
various  proportions,  analogous  to  the  compounds  of  urea. 

It  enters  into  combination  with  the  oxydes  of  copper,  cadmium, 
lead,  and  zinc,  and  the  combinations  crystallise. 

Physiological  and  Paihological  Indications, 

In  consequence  of  allantoine  having  been  found  in  the  urine 
of  dogs  suffering  from  dyspnoea  following  the  injection  of  oil  into 
their  veins,  several  inquirers  examined  the  urine  of  persons 
suffering  from  dyspnoea,  emphysema,  and  pneumonia,  as  also  the 
urine  of  a  woman  who,  to  relieve  the  dangerous  dyspnoea  caused 
by  an  aneurism  of  the  arch  of  the  aorta,  had  tracheotomy  per- 
formed upon  her.  In  neither  of  these  cases  were  the  observers 
able  to  find  allantoine  in  the  urine.  It  is  therefore  yet  ques- 
tionable how  the  appearance  of  allantoine  in  the  urine  of  the 
dog  has  to  be  explained.  It  is  also  a  question  whether  allantoine 
ever  appears  in  the  urine  of  man.  But  as  there  is  a  probability, 
and  as  it  has  been  stated  that  it  occurs  in  human  amniotic  fluid 
and  in  the  urine  of  infants  during  the  first  eight  days  after  birth, 
I  have  thought  it  best  not  to  omit  the  description  of  its  pro- 
perties, in  order  that  there  might  be  less  chance  of  its  being 
overlooked  by  future  observers. 

Kohler  (''  De  Allantoinoe  in  Urina  Impedita  respiratione  praee- 
sentia,"  Diss.  Halens.  .1857)  repeated  the  experiment  which 
Stadeler  made  upon  a  dog  upon  some  rabbits,  and  believed  that 
he  had  found  allantoina     Meissner  and  Jolly  gave  to  dogs  much 
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fat  and  some  succinate  of  aoda  with  their  food,  and  believed  that 
they  had  foand  allantoine  io  the  urine  as  a  consequence  of  this 
diet*  Schottio  found  it  in  human  urine  after  the  taking  into  the 
stomach  of  large  quantities  of  tannin.  If  the  former  observers 
can  hardly  be  said  to  have  proved  theii'  cases,  Schottin's  assertioii 
must  be  decidedly  objected  to  as  untrustworthy  on  the  grouud 
stated  under  the  chapter  on  Kreatinine, 

E.  Salkowsky  ^  Ber.  Dcutsch.  Chem."  G.  9  (1876),  719)  gai 
uric  acid  to  dogs,  and  found  that  the  nitrogen  in  the  urine  ooii" 
thereby  be  increased  to  the  amount  of  1 J  grm.  per  day.  This^ 
was  mainly  due  to  the  apjiearanee  of  allantoine  in  the  urine.  It 
could  be  obtained  cr}^stallised  by  evaporating  the  tu-ine  to  |  or  J, 
and  letting  it  stand  In  the  urine  of  oue  dog  allantoine  appeared 
as  a  sediment  on  cooling.  From  the  urine  of  a  dc^,  which  had 
taken  on  each  of  two  days  4  grm.  of  uiic  acid,  V42  grm*  ot 
allantoine  were  obtained.  Oxalic  acid  appeared  only  in  ver\* 
small  quantity,  uric  acid  in  traces.  WTietherany  urea  is  formed 
from  the  ingested  uric  acid  is  undecided. 


CHAPTER  LVIII. 

OXALURIC  ACID,  C3H,N.p^ 


HISTORY  AND  LITERATURE, 

This  acid  wa»  discovered  by  Liebig  and  Wohler  ("  Ann.  Chem." 
26  (1838),  287  as  a  product  of  decomposition  of  uric  acid.  Schunck 
("  Proceed.  Royal  Soc."  16,  (1867)  140)  obtained  oxaluric  acid 
from  normal  urina 

Afode  of  Obtaining  from  Uric  Acid  and  its  Zhrivates. 

A  solution  of  uric  acid  in  warm,  very  dilute  nitric  acid  is 
mixed  with  ammonia  and  evaporated  immediately.  After  cool- 
ing it  yields  crystals  of  oxalurate  of  ammonia,  which  must  be 
decolorised  by  animal  charcoal  Or  parabanic  acid  is  dissolved  in 
aqueous  ammonia  and  heated  to  the  boiling  point ;  on  evapora- 
tion and  cooling  ammonic  oxalurate  crystallises.  Carbonate  of 
lime  dissolved  in  watery  parabanic  acid  yields  a  solution  of 
calcic  oxalurata  To  obtain  free  oxaluric  acid  from  the  ammonia 
or  the  calcium  salt,  it  is  dissolved  in  a  small  quantity  of  warm 
water,  mixed  with  sulphuric,  hydrochloric,  or  nitric  acid,  the 
liquid  cooled  as  quickly  as  possible,  and  the  pulverulent  deposit 
of  oxaluric  acid  washed  and  dried. 

Mode  of  Obtaining  from  Human  Urine, 

The  urine  is  filtered  through  animal  charcoal.  The  oxalurate 
remains  in  the  charcoal,  and  can  be  extracted  by  boiling  it  with 
alcohol,  after  it  has  previously  been  washed  with  water  until  the 
filtrates  were  free  from  chlorine  and  phosphoric  acid.  The 
alcoholic  solution  is  evaporated  or  distilled;  the  last  portions 
evolve  a  strong  odour  of  urine  oil.  The  residue  is  treated  with 
water,  which  leaves  a  fatty  acid,  and  the  solution  on  long  stand- 
ing deposits  impure  oxalurate,  which  is  purified  by  recrvstallisa- 
tion,  animal  charcoal,  or  dialysis.  150  litres  of  urine  yield  only  a 
small  quantity  of  the  salt ;  and  it  is  worthy  of  being  inquired 
into  whether  the  oxaluric  acid  in  this  method  is  not  produced 
by  the  oxydising  influence  of  the  charcoal  upon  the  dissolved 
uric  acid  of  the  urine. 

2i 
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Physiml  awl  Chemical  Characiers. 

The  acid  id  a  wbite  crystalline  powder,  which  lias  an  acid 
taste  and  reddeiia  litmus.  It  is  very  little  suluble  in  water,  but 
dissolves  easily  in  combination  with  olkalieij.  When  a  watery 
solution  of  oxalumte  of  ammonia  is  mixed  with  caustic  ammonia 
and  calcic  chloride,  no  reaction  is  at  tirst  produced ;  but  when 
the  mixture  is  gently  heated  a  white  precipitate  of  calcic  oxalate 
18  produced,  Oxaluiic  acid  is  decom^iosed  in  a  similar  manner 
by  a  moment's  boiling  with  hydrochloric  acid  ;  the  solution  with 
excess  of  ammonia  and  calcic  chloride  gives  a  precipitate  of 
calcic  oxalate. 

The  ammonia  salt  forms  silky  needles,  which  are  stable  at 
120",  little  soluble  in  cold  water,  but  more  readily  soluble  than 
the  free  acid,  and  easily  soluble  in  hot  water. 

The  calcium  8alt,  which  is  obtained  by  mixing  concentrated 
solutions  of  ammonite  ox al urate  and  calcic  chloride,  is  neutralt 
and  forma  shining  crystals,  which  are  but  little  soluble  in  water. 
The  biisic  salt,  on  the  other  hand,  is  obtained  by  adding  exc^s  of 
lime  water  to  the  acid,  or  by  mixing  the  neutral  salt,  or  the 
clear  mixture  of  aramonic  oxalurat^  and  dilute  calcic  chloride 
with  ammonia.  It  forms  a  thick  gelatinous  precipitate,  which 
dissolves  sparingly  in  water,  readily  in  dilute  acids^  even  in 
acetic  acid. 

The  silver  salt  is  produced  in  a  crystallised  state  by  mixing 
alkaline  oxalurate  with  silver  nitrate ;  the  white  flakes  either 
crystallise  spontaneously  on  standing,  or  after  solution  in  hat 
water  and  standing,  in  delicate  silky  needles.     The  crystals  are 


anhydrous,  and 
action. 


when  heated  decompose  without  any  explosive 


77/^  Physioloffical  and  Pathohgienl  Relations 

of  oxaluric  acid  have  not  yet  been  investigated.  If  under* 
pathological  conditions  it  occurred  in  larger  quantity,  its  decom- 
position in  the  bladder  might  perhaps  pnxluce  oxalic  acid,  and 
furnish  means  tovrards  the  formation  of  oxalate  of  lime  calculi. 
But  as  it  is  not  yet  curtain  whether  the  oxalurate  obtained  from 
urine  is  not  produced  by  the  oxydising  action  of  the  charcoal 
employed,  further  speculation  on  this  subject  is  superfluous. 

The  equations  according  to  wliich  uric  acid  can  be  made  to 
yield  oxaluric  and  oxalic  acid  are  the  following : — 

Uric  iicid.  Allo3uiii.  Urea. 

C.H^N.O,  +  0  =  C3n,N,03+CO, 

Alloxan.  Parabanic  acid. 
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(;,H,NA+HsO=C,H,N,0,. 

Parabanic  acid.  Oxaluric  aciil. 

CjH.NgO, + H  jO = CjHjO, + CH.N.O. 

Oxaluric  acid.  Oxalic  acid.        Urea. 

Whether  such  a  process  as  this  ever  takes  place  in  the  animal 
l)ody  is  very  doubtful.  Uric  acid  is  a  terminal  product  of  a 
firm  chemical  constitution  ;  when  reintroduced  into  the  body,  it 
is  oxydised  no  further  than  to  the  stage  of  allantoine,  as  has 
been  shown  under  the  chapter  relating  to  that  substance. 


CHAPTER   LIX. 
OXAUC  ACID,  CjH^O,, 


MISfOftY  AMP  OOCUBHENCS. 

The  sal  acetoeeHae  bad  been  known  and  used  for  a  long  time, 
when  Scheele  (*  Opusc"  2,  187)  in  1774  described  a  pnx^ing 
of  separating  oxalic  acid  from  it  by  lead  acetate,  and  also  dis- 
ooveiBd  (thuL  3,  364)  the  identity  of  this  sorrel  acid  with 
add  found  by  Bergmann  to  l»e  the  principal  product  of  the  oxy^ 
dation  of  sugar  by  means  ot  nitric  acid. 

Oxalic  acid  is  one  of  the  most  frequent  products  of  the  oxj 
tion  of  organic  matter  by  artificial  processea.  Its  compoonda  i 
very  frequeut  in  plants,  where  the  acid  represents  most  piohabl] 
the  first  stage  of  the  reduction  of  carbonic  acid  Thus,  binos 
of  potassium  was  formerly  manufactured  horn  certain  apeoiea  \ 
oxalifl,  in  which,  as  in  certain  species  of  polygonaceous 
such  as  rumex  and  rheum,  it  is  found  in  considerable  quantit 
The  parallel  sodium  salt  is  found  in  certain  plants  familiar  i 
the  seashore,  or  in  the  neighbourhood  of  salt-works,  salicornia 
and  salsola.  Oxalate  of  lime  enters  largely  into  the  construction 
of  many  species  of  lichen,  growing  on  rocks  of  limestone ;  it  fre- 
quently amounts  to  one-half  of  their  weight  Most  higher  plant 
contain  smaller  or  larger  quantities  of  the  calcareous  oi 
In  the  animal  organism  oxalic  acid  is  rarely  met  with,  except 
the  insoluble  form  of  the  oxalate  of  lime  when  taken  in  veget  * 
food  Oxalic  acid  occurs  free  in  urine,  when  laige  quantities  of 
oxalic  acid  or  oxalates  are  taken  in  repeated  doees.  After  the 
ingestion  of  these  substances^,  the  urine  also  contains  calcic 
oxalate  in  form  of  a  precipitate. 

Oxalic  acid,  mostly  in  form  of  the  calcic  oxalate, 
in  the  urine  in  the  course  of  certain  diseases.  It  is  at  present 
unknown  whether  the  oxEilic  acid  in  these  cases  is  a  product  of 
the  organism  itself,  and^  like  the  acid  after  ingestion  into 
the  stomachy  is  carried  by  the  blood  to  the  kidne}"^  to 
there  secreted,  or  whether  the  acid  is  the  product  of 
certain  and  peculiar  decompositton  of  urine  in  the 
passages. 

Normal  human  urine,  after  some  standing,  mostly  deposii 
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microscopical  tmces  of  oxalate  of  lime,  out  appmachable  T)y  quan- 
titative analysis.  The  normal  urine  of  herbivorous  animals 
mostly  contains  a  more  appreciable  quantity  of  the  oxalate. 

Male  of  Pntducitu/  (haiic  Aci/L 

Uue  part  of  sugar  is  heated  with  six  parts  of  nitric  acid 
of  1'3  sp.  gr,,  until  red  vapours  am  no  longer  evolved. 
The  fluid  on  evaporation  on  the  water-bath  yields  oxalic  acid 
in  crystals,  amounting  to  one-third  of  the  weight  of  the  sugar 
employed. 

liii/sical  and  Chvmlml  Frojwrties. 

From  its  watery  solution  oxalic  acid  crystallises  in  raonoclino- 
metric  prisms,  containing  two  molecules  of  water  of  crystallisa- 
tion, and  hence  having  the  composition  CjHgO^  +  SH^O. 
In  dry  air  it  loses  the  whole  of  the  water  of  crystallisation, 
and  transfonns  into  a  white  powder*  It  is  soluble  in  nine 
pai-t^  of  cold  water,  much  more  soluble  in  boiling  water  or 
akoboL 

On  being  heated  it  fuses,  and  at  a  temperature  of  155''  to 
160'"  it  is  decomposed,  yielding  carbonic  and  formic  acid, 
the  latter  being  further  decomposed  into  carbonic  oxyde  and 
water. 

When  oxalic  acid  is  dissolved  in  glycerine  and  Iieated  it  is 
decomposed  to  carbonic  and  formic  acid  only,  C2H204  =  C02+ 
CH/)^.  The  formic  acid  can  be  obtained  pure  by  distillation. 
When  heated  with  concentrated  sulphuric  acid,  oxalic  acid  is 
decomposed  so  as  to  yield  equal  volumes  of  carbonic  acid  and 
carbonic  oxyde,  the  M^ater  formed  at  the  same  time  being  retained 
by  the  sulphimc  acid.  Oxydising  agents  transform  oxalic  into 
carbonic  acid  ;  this  is  effected  slowly  by  nitric  acid,  quicker  by 
chlorine  water,  peroxyde  of  lead  or  manganese,  rapidly  by  a  solu- 
tion of  potassic  permanganate. 

Oxalic  acid  is  a  powerful  acid,  and  displaces  many  weaker 
acids  fram  their  combinations.  It  is  dibasic,  so  aa  to  form 
neutral  salt«  wnth  two  dynamicities  of  metal,  C^M^O^  and 
acid  salts  with  one  dynamicity,  CjHm^O^  It  also  forms  so-called 
quadroxalates  of  the  formula  CjHm'O^-hCjHjjO^.  The  salts  of 
the  alkali  metals  are  easily  soluble  in  water  and  insoluble  in  alco- 
hol. The  salts  of  the  alkaline  earth  metals  are  quite  insoluble, 
feo  that  calcium  and  oxalic  acid  constitute  the  te^t  precipitants 
for  each  other  in  alkaline  solutions.  The  oxalates  of  metals  are 
mostly  insoluble  or  little  soluble  in  water. 

Calcic  oxalate,  C^CaO^-hH^O,  and  another  form  with  3HgO, 
IS  obtained  by  mixijig  st^lutions  of  calcic  chloride  and  an  akaUne 
oxalate  in  the  form  of  a  white  crystalline  powder,  which  con- 
sists of  minute  crossed  prisms  of  the  quadratic  system.    When 
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obtained  from  concentrated  and  hot  solutions,  it  only  contain!* 
one  HgO,  but  when  obtained  from  dilute  cold  solutions  it  ifi  ft 
mixture  of  the  mono-  and  Irihydrate.  Exposed  to  dty  air  at 
lOCr  tlie  mixed  salt  loses  half  its  water  of  crystallisation  ;  the 
other  half  is  expelled  at  200".  The  monobydmte  loses  half  its 
water  at  180".  It  is  necessary  to  keep  the  salt  covered  during 
the  drjin;^'  process,  as  at  1  oiT  it  becomes  very  electrical,  so  as  to 
be  thrown  out  of  the  dish  at  the  slightest  touch.  It  is  insoluble 
in  water  and  acetic  acid,  soluble  in  hydrochloric  and  nitric  acid. 
From  solutions  in  the  latter  acids  it  may  sometimes  be  obtained 
in  crystals  by  slow  evaporation.  From  the  solution  in  hot  con- 
centrated hydrochloric  acid  a  double  salt  of  calcic  chloride  and 
oxalate  is  sometimes  obtained  in  crystals.  Free  oxalic  acid  in 
crystals  is  also  obtained  from  the  solution.  The  crystals  of 
double  salt,  when  brought  in  contact  with  water,  are  decompoeed 
into  calcic  chloride,  which  dissolves,  and  calcic  oxalate  which  re- 
mains as  an  insoluble  powder.  If  the  free  oxalic  acid  has  not 
been  separated  from  the  double  salt  by  alcohol,  or  the  double  salt 
has  not  been  isohiied  mechanically,  no  calcic  chloride  is  obtained 
after  resolution  of  the  crystals,  as  it  is  Immediately  decomposed 
by  the  oxalic  acid* 
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Phenomena  of  CnjstaHisnticfit  and  Polarisation  of  Calcic  0. 

All  varieties  of  crystals  which  I  have  as  yet  met  with  may 
Ijrought  under  one  of  the  following  forms : — 

Qiutdratic  octahedron* — Primary  axis  always  shorter  than 
secondary  axes* 

Crossed  odahedm,  or  tropias,  imitating  the  appearance  of 
crossed  octahedm. 

Qmidraiic  odahetirmi  and  primn  mmhi^UiL — The  same  combi* 
nation,  to  which  a  second  prism  is  added. 

Cro8S€d  p/'wnw. 

Triple  tvmi'S^  unth  irapia. 

Modification.^  of  crossed  octahedra  by  a  secondary  twin  tropia, 
aflfecting  the  points  of  the  octahedra, 

CoiUortions  and  ^/iwTitf/i^,'?.— Dumb-bells,  being  prisms  with 
apposition  of  irregular  matter  to  both  octaheilral  ends,  the  pris- 
matic sides  frequently  to  be  distinguished. 

I'ure  calcic  oxalate  can  readily  be  ascertained  to  possess  tbe 
power  of  polarising  light.  But  the  oniinary  oxalate,  the  octa- 
hedra,  have  a  very  faint  polarising  power,  which  can  only  be 
brought  out  fidly  by  reflecting  a  ray  of  the  sun  through  the 
crystal  lying  between  the  two  Nichol  prisms,  and  excluding  from 
the  eye  every  other  light  but  that  coming  from  the  crj*stal  in  the 
microscope. 

The  explanation  of  the  fact  that  the  ordinary  octahedra  polarise 
very  faintly  seems  to  be  that,  as  they  are  very  flat,  their  principal 
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axis  is  mostly  standing  almost  perpendicular.  Now  as  a  crystal 
polarises  the  lesd,  the  more  parallel  with  its  principal  axis  are 
the  rays  of  polarised  light  passing  through  it,  it  is  probable 
that  the  octahedra  polarise  only  Uttle,  because  the  polarised 
light  passing  through  them  is  almost  parallel  to  their  principal 
axis. 

There  is  no  optical  reason  for  assuiuing  octahedra  and  dumb- 
bells to  be  made  up  of  different  materials.  And  as  there  is  no 
chemical  evidence  for  the  supposition  that  the  dumb-bells  con- 
sist of  oxalurate  of  lime,  they  must  for  the  present  continue  to  be 
ranged  under  the  oxalate,  with  which,  indeed,  G.  Bird  proved 
them  to  be  identical  by  the  five  experiments  intended  to  show 
that  they  were  oxalurate  of  lime. 

Mode  of  Determining  the  Quantity  of  Oxalic  Acid  in  Urine, 

Oxalic  acid,  which  may  be  present  in  the  urine  in  a  free 
state,  is  transformed  into  a  precipitate,  by  first  adding  to  the 
urine,  previously  neutralised  by  ammonia,  some  acetic  acid,  and 
then  chloride  of  calcium.  The  precipitate,  after  several  hours' 
or  days'  standing,  is  separated  by  decantation  and  filtration 
The  oxalate  thus  obtained  may  be  transformed  into  the  sul- 
phate or  it  may  be  analysed  volumetrically  by  potassic  perman- 
ganate. 

Physiological  and  Pathological  Significance  of  Oxalic  Acid  in 

Urine, 

TJve  presence  of  oxalic  add  or  any  of  its  compounds  in  urine 
may  indicate  that  oxalic  add  or  any  of  its  compounds  has  been  in- 
troduced  into  the  stowMch,  as  an  ingredient  of  food,  as  a  medicine, 
or  as  a  poison,  Wohler  was  the  first  to  prove  that  oxalic  acid 
when  taken  into  the  stomach  might  reappear  in  the  urine. 
Buchheim  repeated  his  experiments  and  obtained  their  confirma- 
tion in  every  instanca 

The  presence  in  the  urine  of  any  considerable  quantity  of  oxalic 
acid,  in  any  form,  for  a  longer  period  of  timCf  during  which  the 
ingestion  of  oxalic  acid,  in  any  form,  into  the  stonuich  was  excluded, 
indicates  the  eodstence  of  a  disease  temned  "  oxalic  add  dicUhesis," 
or  *'  oxaluria,"  which  is  distinguished  by  a  great  tendency  to  the 
production  of  calcic  oxalate  concretions  in  the  urinary  passages. 
It  is  not  ascertained  whether  in  these  cases  the  oxalic  acid  is 
formed  in  the  circulation,  or  only  in  the  urinary  passages,  by  a 
peculiar  kind  of  fermentation  of  some  normal  or  abnormal  ingre- 
dient of  the  urine. 

Calcic  oxalate  is  frequently  found  in  not  very  small  quantities 
in  the  urine  of  patients  recovering  from  severe  acwte  diseases. 
Thus  the  first  urine  which  is  voided  by  cholera  patients  after 
long-continued  suppression  contains  calcic  oxalate.    The  quan 
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lincnitate«f  atttaffie  gold.  Uk  qoBtiqr  of  < 

tfce  inlitfiw  ii  rtimlifwi     81fii»<if  fHWif  gBldMaeiteao 

M  of  a  fiiiaBt  leuncuME&OB  dnknt  • 
14ff7uL,«i«c«t«iKd  278  BiO«iBL  or  0«| 
per  mtUe  of  oxalic  mcid.    A  aOBibr  qasstity  bom  a  i 
yw«  dS  nuUigmi*  or  0123  p^  milk  of  oulic  icid.     Tliifteeii 
ooBflCi  of  iniw  ooulaiiMsd  three-^iitttefs  of  a  gnamof  oxalic  adiL 
A  lUid  CM^  exoelad  a  uiflir  qjoantilj,  ocM^^ 
orO^pflrndDeofoalkiead  ThirteeB oqnc» contoiDed a grmm 
and  a  half  of  Ibt  add 

Thiprmmm  im  mritU4ifmiAutaBmkfmegpiadtraeei&/€ateie 
amlaU,  thai  Um  anumiU  eannot  he  edimaUd  ty  t£tuinHiaiim 
awdffmM,  is  of  no  pradual  or  patkologiml  imporian^^  The 
qnaiiioii  after  itn  origin  ia  one  of  tbe  giealeii  difficuUj, 

Thsprtmmi  &fcakk  amlaie  in  (}u  urim  wutp  indkak  ditmm 
of  tlu  kidntif$,imJlh  a^iA  Uufu>£rard^amoeiataL  Tbe  idalioiia  | 
liatwaeii  the  oxalate  and  tbe  kidney  disease  are  however  uiicer-  { 
lain.  Experiineiit  ahows  that  large  quantities  of  oxalic  add  pass- 
ing through  the  kidoeya  may  so  irritate  them  as  to  cause  albu- 
men to  transude  int«*  the  urine.  It  is  therefore  not  unraasonaUe 
to  think  that  in  somecasee  of  disease  or  poisoning  a  similar  lela- 
iifiu  may  e%ht. 

hi  thci  following  case  considerable  quantities  of  calcic  oxalate 
were  preaent  in  fiUjuminous  urine  of  a  patient,  who  succumbed 
to  diaeaae  of  the  kidneys : — A  married  woman.  seL  30,  dated  her 
fllnesf  from  ber  last  childbed,  alniut  IS  months  before  the  time 
at  which  she  cnmc  under  treatment  The  delivery  had  been 
difficult,  and  had  rr'»nUcd  in  prolapsus  uterL  The  urine  then 
iM^canif*  hiihitnnlly  turbid,  whe  lost  flesh,  became  anasarcous,  and 
ycit  wUftn  I  miw  her,  she  was  again  in  the  sixth  month  of  a  new 
prei^riancy.  She  had  an  abscess  at  the  outer  side  of  the  middle 
of  tim  hjft  tliigh  Tli(3  urine  was  turbid  on  expulsion,  and  be- 
vl\m^^  still  tuorr*  m)  <m  HUuiding.  Sometimes  it  contained  a  little 
MfHid.  WliL-n  thiK  urine  wiis  allowed  to  stand  in  the  water-bath 
ni  the  temptinaiirn  ul  the  body,  it  dei>osited  a  considerable  amount 
(if  iilniiiMt  pnrn  oxHlat**  in  nctabedia,  mixed  with  some  casts  of 
thi^  urinary  mliuk'M,  TIm'  putient  8oou  after  died  of  uroBmic 
©onm.  Ill  no  lutrt  or  liquid  of  ber  botly,  the  urine  excepted, 
oonid  any  oxalic  acid  be  discovered  by  micTOscopical  or  chemical 
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Erperimeuts  on  (he  Emppemnzn^e  of  0.f:alk  And  ut  ihc  Urine 
after  Ingestion  inio  ihs  Stommh. 

Wohler  made  a  middle-sized  dog  eat  two  dmchnis  of  powdered 
oxalic  acid  mixed  with  meat  and  bread.  After  the  dog  1iad 
l>eeu  killed  eight  hours  later,  there  were  foiiud  three  ounces  of 
urioe  in  the  bladder,  which  did  not  appear  to  be  more  acid  than 
usual.  On  tbe  urine  becoming  cool,  there  w^as  deposited  a  con- 
siderable  quantity  of  white  powder,  consisting  of  small  erj^stnls 
very  much  like  triple  phosphate.  On  mixiog  the  decanted  clear 
urine  with  a  solution  of  nitrate  of  lime,  another  precipitate 
of  a  simihir  description,  and  in  the  same  quantity  as  the 
Jirst  spontaneous  one,  was  obtained.  Both  precipitates  on 
examination  were  proved  to  be  pure  oxalate  of  lime.  They 
transfomied  into  carbonate  of  lime  mixed  with  some  charcoal 
on  exposure  to  red  heat,  did  not  evolve  any  ammonia  by 
heat  or  fusion  w^ith  potash,  were  quietly  soluble  in  nitric 
acid,  and  again  precipitated  in  a  crystalline  state  by  ammonia. 
When  heated  with  a  solution  of  carbonate  of  anmionia,  carbon- 
ate of  lime  was  formed,  aud  the  filtrate  on  evaporation  yielded  a 
crystalline  salt,  having  all  the  properties  of  oxalate  of  anmionia. 
Besides  these  ingredients,  the  urine  contained  a  considerable 
quantity  of  albumen.  Tlie  precipitate  obtained  by  nitrate  of 
lime  most  probably  contained  some  phosphate  of  lime. 

Piotrowsky,  under  Buchheim's  directions,  has  repeated  these 
experiments  upon  himself.  In  order  to  ascertain  the  degree 
of  accuracy  with  which  oxalic  acid  in  urine  conld  be  deter- 
uiined  quantitatively,  the  urine  of  tw^enty-four  hours,  amounting 
to  987*8  grra,  was  mixed  w^ith  a  solution  of  10  grni.  of  er}^atal- 
lised  oxalic  acid,  which  had  before  been  neutralised  by  ammonia. 
The  mixture  was  evaporated  to  one-sixth  of  its  original  bulk 
strongly  acidulated  with  acetic  acid  to  keep  phosphate  in  solu- 
tion, and  then  had  some  chloride  of  calcium  mixed  with  it. 
The  precipitate,  after  standing  for  several  days,  was  collected 
on  a  filter,  pressed  between  bibulous  paper,  and  dissolved  in 
hydrochloric  acid  ;  from  the  solution  uric  acid  was  removed  by 
fiitration ;  the  filtrate  was  neutralised  with  ammonia,  and 
again  acidulated  with  acetic  acid.  The  oxalate  of  lime  thus 
obtained  after  filtration  and  drying,  at  a  temptjmture  of  12fl' 
amounted  to  1087  grni.,  corresponding  to  0931  grm.  of  crystal- 
lised oxahc  acid.  The  same  praceediug  w^as  adopted  in  the  fol- 
lowing experiments . — 

(a.)  Free  Oxalic  Acid, — 1.  Five  grm.  of  crystallised  oxalic  acid,  in 
doses  of  1  grm.  each,  were  taken  in  the  course  of  five  hours,  and  the 
urine  was  collected  during  twenty-four  hours  from  the  beginning 
of  the  experiment.  It  w^as  very  turbid  after  a  few  hours.  When 
filtered  it  did  yet  contain  some  salts  of  lime,  showing  that  all 
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the  lime  was  not  combmed  with  oxalic  acid.  The  total  quautity 
from  the  twenty-four  boars  was  15885  ^^rm.,  and  yielded  0'418 
grm,  of  anhydrous  oxalate  of  lime,  corresponding  to  0*4115  gmu 
of  crystallised  oxalic  acid,  being  8*23  per  cent,  of  the  quantity 
taken. 

2*  Seven  grm.  of  oxalic  acid  were  taken  in  the  course  of  six 
hours.  The  thick,  neutral  urine,  whose  quantity  was  1443*4 
grm,,  contained  the  oxalate  of  lime  almost  exclusively  in  the 
shape  of  dumb-bells.  After  it  had  been  evaporated,  acidified,  and 
left  standing  for  several  days,  the  filtrate  gave  no  evidence  of 
the  presence  of  lime,  but  the  addition  of  chloride  of  calcium  pro- 
duced a  fresh  precipitate.  The  first  precipitate,  free  from  water, 
amounted  to  0735  gnn*,  the  second  to  0"241  grm.  together  corre- 
sponding to  0951  grm.  of  crystallised  oxalic  acid,  being  13*72 
per  cent  of  the  quantity  taken, 

3,  Seven  grm.  of  oxalic  acid  were  taken,  as  in  Exp.  2.  Tha 
urine  amounted  to  1380*2  grm.;  the  first  precipitate  to  0-766 
grm.,  the  second  to  01 57  grm,,  together  corresponding  to  0*909 
grm.  crj'stalliaed  oxalic  acid,  or  12'98  per  cent,  of  the  quantity 
taken, 

4,  Eight  grm.   of   oxalic  acid  wero  taken  in  the  course  of 
several  hours.     The  quantity  of  the  acid  turbid  urine  was  1513 
grm.;  that  of  the  first  precipitate.  0"878  gnn. ;  that  of  the  second, 
0'302  grm.,  corresponrJing  to  1'162  grm*  of  oxalic  acid,  or  14*52  ■ 
per  cent  of  the  quantity  ingested,  f 

(h)  Oxalate  of  Sinlti.^5.  Seven  grm,  of  oxalic  acid  were  neu- 
tralised with  carbonate  of  soda,  and  ibe  solution  w^as  evaporated 
to  dryness.  The  salt  thus  obtained  was  taken  in  six  doses  in 
the  coarse  of  several  hours*  The  quantity  of  acid  turbid  urine 
voided  in  the  subsequent  tw^enty-four  hours  was  16786  grm. 
The  spontaneous  precipitate  amoimted  to  0'759  ;  the  second, 
artificially  produced,  to  0'296  grnu,  corresponding  to  1  039  grm. 
of  crystallised  oxalic  acid,  e^jual  to  1484  per  cent  of  the 
quantity  taken. 

(c)  Acid  OjMlnte  or  Binoxttlatc  of  Soda. — 6,  Four  grm.  of  oxalic 
acid  were  neutralised  with  carbonate  of  soda.  To  the  solution 
fourgmi,  of  oxalic  acid  were  added,  and  the  fluid  evaporated  to 
dryness.  The  residue  was  taken  in  several  doses.  It  created 
considerable  thirst,  and  the  quantity  of  urine  rose  in  proportion 
to  the  amount  of  water  drunk,  to  2'j76'3  grm,  The  fii-st  precipi- 
tate weighed  0'883  grm.,  the  second  0  324  gnn.,  together  corre- 
sponding to  1*188  grm.  of  crystallised  oxalic  acid,  being  14*85  per 
cent,  of  that  taken. 

((I)  Oxnkitc  of  Lime. — 7.  Seven  grm.  of  oxalic  acid  were 
neutralised  with  ammonia,  and  precipitated  with  chloride  of 
calcium.  The  dried  precipitate  was  taken  by  an  individual  who 
'^ad  not  8er\'ed  for  any  experiments  with  oxalic  acid.    The 
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amuuiited  to  12154  gnu.,  was  acid,  somewhat  turbid,  and  made 
oDly  a  slight  deposit,  wliicli,  under  the  microscope,  consist-ed  of 
ciystais  of  oxalate  of  limc\  aud  amounted  to  0*105  grm,,  corre- 
sponding to  0-1034  gnu*  of  oxalic  acid,  beiug  1"477  per  cent  of 
the  amouut  invested  The  urine  did  yet  contain  some  lime  in 
solution.  Ill  the  normal  urine  of  the  same  pei'son,  w^hich  was 
collected  a  few^  days  afterwards,  and  amounted  to  12G44 
grm.,  no  appreciable  quaotity  of  oxalate  of  Ume  could  be 
detected. 

8.  A  second  experiment  was  made  with  another  indi%^idual, 
whose  urine  under  the  microscope  exhibited  a  few  scattered 
crystals  of  oxalate  of  lime,  which  could,  however,  not  be  deter- 
miued  by  w^eight ;  seven  grm.  of  oxalic  acid,  in  the  fonii  of 
oxalate  of  lime,  were  taken.  The  urine  was  more  turbid 
than  in  the  former  experiment,  and  yielded  0'118  grm,  of  oxalate 
of  lime,  corresponding  to  01162  gnn.  of  crystallised  oxalic  acid, 
or  1'659  per  cent 

The  specimens  of  oxalate  obtained  in  the  last  two  -cases  were 
each  exposed  to  red  heat,  dissolved  in  dilute  hydrochloric  acid, 
and  treated  with  some  chloride  of  baryura.  In  both  an  insigiiiti- 
caut  turbidity  ensued,  so  that  they  could  have  contained  only 
very  small  quantities  of  gypsum. 

The  experinients  show  that  laige  quantities  of  oxalic  acid 
may  be  taken  with  impunity  if  taken  in  hourly,  or  otherwise 
divided,  do?es.  They  do  not  militate  against  the  fact  that  oxalic 
acid,  taken  in  doses  of  half  a  drachm  to  one  or  two  drachms  nl 
a  time^  is  a  deadly  poison.  They  also  prove  that  a  part  of 
the  oxalic  acid  in  any  form,  taken  in  larger  and  repeated 
doses,  makes  its  reappearance  in  the  urine,  partly  as  oxalate 
of  lime,  partly  as  a  soluble  oxalate  ;  but  the  larger  proportion 
of  the  oxalic  acid  taken  disappears  in  the  system,  without 
appearing  in  the  urine  as  carbotiale,  in  cases  w^here  the  acid 
or  neutral  salt  has  been  taken.  The  quantity  of  oxalic  acid 
passing  into  the  urine  is  not  dilTereut,  if  oxalic  acid  be  taken 
as  such,  or  in  combination  with  alkalies.  But  if  taken  in 
combination  with  lime,  only  a  small  percentage  of  the  oxalic 
acid  reappears  in  the  urine,  because  the  greater  part  of  the 
oxalate  of  lime  passes  unchanged  through  the  intestines,  and 
is  discharged  with  the  ficces,  as  was  proved  by  Magawley  and 
Bucbheim  in  two  experiments.  In  two  expeiimcnts  with 
oxalate  of  magnesia,  this  salt  seemed  to  be  decomposed  in 
the  intestinal  canal  in  larger  quantity  than  the  lime  salt. 
The  quantity  of  lime  in  the  urine  after  ingestion  into  the 
stomach  or  oxalic  acid,  or  its  salts,  is  neither  increased  nor 
diminished. 

The  following  table  perspicuously  exhibits  the  results  of 
the  above  observations: — 
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CmmtHtmM  tf  CatdeOmd^g;  SamdnmdOmmL—i 
aeCioM  of  emloe  oiAkte  of  tbe  nse  of  sne  «ad  Mad  i 
if  tfvvr,  fliei  wfth,    B«it  there  ii  m  nmty  of  osakte « 
fif  amll  iiJM^  pale  caolcwr,  and  «iDootli  amCice,  ud  vnaUjr  ^ 
#yiiiiiiig  toaie  nnleiu    Their  are  dmmI  fieqoeBtlj  fmnid  m 
ealyeia  of  the  lodseja,  aod  hmtg  moj  in  mmber  thejr  < 
the  ^eela  of  mokt^ged  allritioiL    iTieBo  coocietaow, 
imnprnti  edesfi,  or  gnvdp  aie  nol  addmi  paned  bf 
peiaoiM  after  aevere  oefdiritie  attecfca  dianclmBi^  the  ] 
thfoogli  the  ttrrteri  of  eoDiCfetioiUk 

Jbnol  ecnerdumM  of  oxalate  of  ealelum  are  frequentlj  of  a 
Teiy  laige  aiiOp  partknlarly  when  tiric  add  has  super 
The  pahi  and  deiaiigiiMal  oauaed  by  oxalate  ooneretiaDa 
Udoaji  tiaaaDy  aanume  ciifTerent  chanu  ter^  from  the  pain 
deiBOlfesiieiit  akending  litbic  acid   coucretiona     The  pam 
gieiieraUy  of  a  more  acute  eharacter;  and  though  priDcipaHyj 
referred  to  a  particular  spot  over  the  region  of  the  ludDey.  is ' 
often   diJictiniive,   and   ahoota   in   the  direction  of  the   tireter» 
epigastrium,  or  shoulder. 

Renal  humorrliage,  ^»fumllle  to  concretion^  becomes  Tety 
much  more  frequent  after  epidemica  of  cholera  in  London.  It 
remains  to  be  ascertained  whether  the  occurrence  of  cakic 
oxalate  in  the  urine  of  cholera  patients  has  any  share  in  the 
prodnctiou  of  thcne  concretions. 

Cakuli  of  Calcw  OxalaU, — The  purest  concretions  of  calcic 
oxalate  nre  the  white  crystallised  variety. 

Thrni^'h  the  greater  proportion  of  the  oxalate  of  lime  calculi 
have  an  anioq>hnu8  or  only  crystalline  texture,  there  are  si:»ine 
not  very  rnrii  specimens,  which  on  their  surface  are  covered 
with  the  most  perfect  crystals.     I  had  an  opportunity  of  closely 
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examining  several  such  calculi  contained  in  the  Museum  of  the 
lioyal  College  of  Surgeons. 

C.  34.  Presented  by  Mr  Luke.  A  reddish-brown  calculus,  is 
covered  with  white  glistening  crystals.  They  are  octahedra, 
the  principal  axis  of  which  is  not  much  shorter  than  the  two 
horizontal  ones.  The  principal  axis  of  the  crystals  averages  in 
length  from  about  one-fortieth  of  an  inch  to  one-eightieth  of  an 
inch. 

C.  35.  Presented  by  Mr  Luke.  In  this  specimen  the  green- 
ish octahedra  are  very  flat,  so  that  the  principal  axis. is  not 
longer  than  about  one-third  of  one  of  the  secondary  axes.  The 
sides  of  the  longest  crystids  measured  one-eighth  of  an  inch. 
They  are  so  arranged  on  the  surface  of  the  calculus  as  to  present 
their  lateral  edges,  the  bodies  of  the  crystals  being  buried  in  the 
calculus. 

C.  1.  Presented  by  Sir  E.  Home.  This  spherical  calculus 
consists  throughout  of  crystallised  oxalate  of  lime.  The  crystals 
are  smaller,  and  some  octahedra  present  appearances  as  if  their 
substance  had  been  arranged  in  layers  horizontal  to  the  principal 
axis.  Here  and  there  the  crystals  are  flattened  in  the  direction 
of  the  principal  axis,  and  present  the  appearance  of  square 
plates,  sharpened  at  each  of  the  four  sides  by  two  octahedral 
planes. 

The  mode  in  which  the  large  crystals  are  deposited  on  these 
calculi  leaves  no  doubt  of  their  having  been  formed  in  the 
bladder  from  a  solution  of  oxalic  acid  and  lime.  On  a  section, 
these  and  the  crystalline  calculi  exhibit  peculiar  crystalline 
fibres,  running  from  the  centre  in  irregular  curved  lines  towards 
the  periphery,  and  mostly  ending  in  the  projections  which  give 
these  calculi  their  peculiar  uneven  surface.  Though  layers  may 
be  distinguished,  yet  they  are  not  so  distinct,  nor  so  regular,  as 
in  the  uric  acid  concretions. 

The  peculiar  tuberculated  surface  of  the  smaller  variety  of 
the  oxalate  concretions  has  caused  the  name  of  mulberry  calculi 
to  be  applied  to  them. 

The  colour  of  those  oxalate  of  calcium  calculi  which  are  of 
more  frequent  occurrence  than  the  white  crystallised  variety  is 
generally  deep  brown,  sometimes  approaching  to  very  dark  olive- 
green.  This  olive-green  shade  is  also  exhibited  by  most  micro- 
scopical crystals.  In  some  calculi  the  colour  becomes  brownish- 
black.     These  calculi  are  mostly  very  hard. 

Layers  of  Oxalate  of  Calcium  in  Alter  noting  and  Mixed 

Calctdi, 

The  most  simple  alternating  calculus  to  be  here  considered  is 

an  oxalate  stone,  with  a  crust  of  phosphate,  or  mixed  phosphates. 

This  phosphatic  crust  is  the  produce  of  the  decomposition  of 
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Mlek  r^^iJiliil^     A  unclear  of  oxjilnte  maj  be 

fntxe^i  bf>rly,  gi^nibfallj  cootltliog  ol  oxalate,  me  i 

fmiljr  of  eyMM  and  phoophstaa    Moat  nixed  eakidt»  or  i 

kmiv  of  mmuMmg  calm,  cooH 

of  ealeta  Malala. 

Ohtmiml  (Jhtirajd^fn  Cff  Cfdek  (hffdaU  < 

y\m  p^mdm  of  «q«Ii  •  mmsntifm  m  myl  aflbeled  fiy  i 

flf^'  -  '^-fwwal  aeidfl,  However,  dtaaolirt  it  wftboiil 

f  liiler  »>lotJon  it  it   pfaeipitaled  bjr 

umtmjtLuu    A  MnaU  pmo  of  the  ooocfgiioB  iMii 

MmfbIm  al  ftfit  baaoinoi  Maokt  from  tha 

fOMM,  bol  alwam  aniall,  oitaiiti^  of  orgBaie  mall 

flntai  and  tfrftlidiiiiik    It  then  becoinea  iridte^  aad 

laavoi  a  bnlkf  ranidijit,  which  whan  moiatened  wttb  iratcf  i 

an  atkalifia  faaetkm  on  rod  M^mvm  paper,  aaid  eflienreieea  vitli' 

mMn.    'V\m  rsildiia  b  thirrdbia  oakic  carbonate,  with  an  admif  « 

Itim  fff  oantllc  lima. 

fhtati9€  frmpn^m}^  oj  (Uddc  OxalaU  Ctmcr^wmu 

Tba  maral  pniportioD  of  calculi,  into  Ibe  oadeaa  of  whkh 
osalatalafgelj  enterii,  in  nil  the;  niuaeutiut,  ia  aa  1 :4| ;  which  ta 
aqnivalaut  to  iNijrJng,  that  if  a  mulberry  stotie  bad  not  bean  fimaed 
and  detained  in  th<»  hlarlder,  two  petaoxu  oat  of  aboat  nina  wlio 

'   >m  (m\cji\m  would  not  nave  been  tivmbled  with  that 
Till;  geiitTal  pn^Kjrtion  of  calculi  oonatattiigesBentiany  j 
*A  vjilctc  oxftlaU^  Ut  all  otlujr  calculi  ia  as  1  to  15.    The  ratio  m] 
which  in  altf^ruatin^  calculi  the  calcic  oxidate  succeeds  to  urui< 
acid  in  an  1  to  Ifif;  on  the  contrary,  the  ratio  in  which  uric 
acid  aucceedfl  tcj  calcic  oxalate  in  as  1  to  13^^.     Ueoce  the 
alternation  of  the  two  ini^dienta  may  be  considered  as  nearly 
e<|ual     Tho  calcic  uxahiiv  »uc€t)ed*§  to  the  amnionic  urate  more  , 
freuuently  than  to  uric  acid.     Thus  the  ratio  in  which  the  calcic 
oxalata  auooeeda  to  the  aiiimnnt(;  urate  is  1  to  9|.     On  the  con- 
trary, the  ratio  in  which  the  urate  succeeda  to  the  oxalate  h 
only  aa  1  to  88  ;  a  very  striking  distinction.     The  phosphates 
succeed  to  the  oxalate  in  the  proportion  of  1  to  7J,  and  the  pm- 
portion  in  wliich  the  oxalate  fliicceeds*  to  the  phosphates  is  aa  1 
to  2&^  only. 


CHAPTER   LX. 
LEUCINE  AND  TYROSINE. 


OCCURRENCE. 


Leucine  and  tyrosine  are  constant  products  of  the  treatment 
by  concentrated  or  dilute  sulphuric  or  hydrochloric  acid,  and  by 
caustic  alkalies  of  albumen,  fibrine,  caseine,  muscle,  gelatine, 
gluten,  legumen,  wool,  and  horn.  They  are  also  produced  by  the 
putrefaction  of  these  substances,  mostly  together  with  some 
glykokoU  and  a  series  of  other  remarkable  substances.  They 
occur  in  certain  pathological  conditions  of  the  organisms,  such  as 
typhus  and  variola,  in  the  urine,  blood,  and  bile.  In  the  urine 
the  leucine  may  be  partly  transformed  into  valerianate  of 
ammonium.  The  liver  seems  to  be  the  organ  in  which,  during 
such  diseased  processes,  leucine  is  formed  during  life,  and  where 
it  is  found  most  abundantly  after  death.  In  the  liver  of  healthy 
Iiuman  subjects  anil  of  anmials  leucine  has  not  yet  been  found. 
In  cases  of  acute  malignant  jaundice  the  finer  branches  of  the 
hepatic  veins  are  fiU^  with  crystalline  granules,  and  firm, 
yellowish-grey  strings  of  matter  containing  crystals  in  the  shape 
of  balls  with  a  radiary  arrangement,  and  bundles  and  sheaves  of 
needles.  The  baUs  are  leucine,  and  the  needles  tyrosine. 
Leucine  without  tyrosine  occurs  normally  in  the  pancreas  of 
animals  and  man,  and  in  other  smaller  glands. 

Mode  of  Obtaining  Lettcine  and  Tyrosine. — Any  of  the  matters 
enumerated  above  will  peld  these  substances,  but  hdm  shavings 
and  the  dry  residue  from  the  preparation  of  Liebig's  extract  of 
meat,  which  is  now  largely  imported  into  Europe  as  a  manure, 
are  the  most  advantageous  materials  for  operations  on  a  large 
scale.  1  kilogrm.  of  the  finely-subdivided  material  is  dissolved 
in  a  mixture  of  1300  grm.  of  sulphuric  acid  hydrate,  with  about 
8  litres  of  water  contained  in  a  leaden  dish,  and  boiled  for  three 
•  hours.  The  mixture  is  then  treated  with  excess  of  milk  of  lime, 
and  placed  into  a  capacious  still,  to  be  boiled  for  another  three 
hours.  A  sulphur  compound  and  all  volatile  alkalies  are  thus 
expelled  and  obtained  in  the  distillate.  The  mixture  is  now 
filtered  through  a  cloth,  and  the  residue  pressed  strongly.  The 
liquid  is  evaporated,  filtered  from  gypsum  and  calcium  c 
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«ddified  with  acetic  scid^  atid  fmtber  condensed  and  allowed  to  i 
9tend.    All  tyroiine  is  deposited  as  a  crystalliiie  matter, 
mmoved  by  fiUratirjti,     From  the  filtrate  calchim  ia  removed  bj  ' 
oxalie  acid,  the  exce^  of  this  by  lead  aceUite,  the  excess  of  the 
latt4?r  by   bydrothioiu    and   the    fluid   eraporated,   wherenpoiii 
leucioe  crygtallises,  and  may  be  removed  by  filtiation.     From  the  i 
fyrnp  aspartic  and  fluoiesceotic  acids,  and  fluorescenttne  eaii  be 
obtained  by  variouB  proc^ises. 

Several  autbora  recommend  the  employment  of  much       _ 
proportions  of  sulpboric  acid,  and  prescribe  boiling  during  iiiiae» ' 
one  even  during  thirty-six,  bonus.    This  is  at  least  unnecesaaty^ 
as  with  the  pniportions  above  given  I  always  found  the 
completed  after  three  hours'  boiling.     As  a  product  of  putreAbc* 
tion,  leucine  may  be  obtained  by  allowing  one  part  of  cheese^  ^ 
fleshy  or  albumen,  with  fifty  parts  of  water,  to  decompose  at  a 
temperature  somewhat   above  20°  for  about  six   weeks.     The 
dirty-looking  fluid  is  then  boiled  with  milk  of  lime,  the  lime  is, 
precipitated  by  a  slight  excess  of  sulphuric  acid,  the  filtrate  is-' 
evaporated  and  precipitated  with  lead  acetate,  the  filtrate  from 
this  is  evaporated  to  a  syrupy  consistence,  and  the  leucine  which 
now  crystallises  is  freed  mechanically,  and  by  the  assistance  of  \ 
alcohol,  from  the  syrup ;  it  is  then  dissolved  in  water,  treated  1 
witli  sulphuretted  hydrogen,  and  is  obtained  pure  by  erystalliaa* 
tion  from  alcohol  and  water. 

PuriJuatimL. — The  raw  leucine  as  obtained  by  the  Lnspis8fi->' 
tion  and  cooling  of  the  moth^-liquors  of  tyrosine— freed  from 
moLlier-lifjuor  by  pressure  and  dried — is  treated  with  con- 
ruiitmted  nitric  acid  wliile  being  triturated  ia  a  mortar,  and 
gently  heattjd  until  a  slight  reaction  is  perceived.  The  nitric 
acid  solution  is  then  dilutcnl  with  much  water,  and  a  solu- 
tion of  nitrate  of  oxyde  of  mercury  is  added  as  long  as  a  pre- 
cipitate is  thereby  produced.  This  is  removed  by  filtration.  The 
iiltrate  is  allowed  to  stand  for  some  days,  and  separated  from 
u  nt^w  deposit.  The  excess  of  mercury  is  then  removed  by 
8ulphuretted  liydrugen;  the  filtrate  is  neutraliaed  by  ammonia, 
and  evaijomtod  until  a  pellicle  forma.  The  leucine,  which  is 
aeparated  on  coolifig,  is  collected  on  a  filter,  washed  with  con- 
ceutiiited  ftluuliul,  and  dried.  It  is  then  dissolved  in  boiling 
water,  treated  with  pure  animal  charcoal,  filtered,  evaporated  to 
a  pellicle,  and  then  poured  into  three  or  four  times  its  bulk  of 
very  strong  alcohol,  AV^hiie  leucine  crystallises  almost  imme- 
diately and  on  Htanding.  The  mother-liquors  yield  more  on 
tn'aporation,  which  has  to  be  furtljer  purified  by  recrystallisation. 

modt  t}f  Mf moving  ail  Lcucim/rom  Auimai  Fiuiih, — The  fluid 
is  treated  with  lend  acetate,  neutral  and  basic,  the  filtrate  freed 
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from  lead  by  hydrothion,  and  boiled.  Copper  sulphate  is  now 
added  to  the  solution  until  a  filtered  sample  gives  a  blue 
precipitate  with  caustic  potash.  The  mixture  is  now  boiled  with 
baryum  carbonate  until  a  filtered  sample  is  free  from  sulphuric 
acid  and  filtered.  On  evaporation  of  the  blue  liquid  to  dryness 
all  the  leucine  is  deposited  in  combination  with  copper;  the 
compound  is  very  insoluble  in  water,  and  has  the  formula 
Ci8Hs5Cu,N30e. 

Physical  and  Chemical  Properties  of  Leucine. — The  sublimate 
of  pure  dry  leucine  appears  under  the  microscope  in  strings  of 
rhombic  plates.  Owing  to  the  thinness  of  the  scsdes  it  is  of  very 
light  specific  weight,  perfectly  white,  and  of  great  splendour. 
When  crystallised  from  an  alcoholic  solution  it  represents  white 
scales  of  the  lustre  of  mother  of  pearl,  much  like  cholesterine, 
floating  on  water,  and  imparting  the  sensation  of  an  unctuous 
matter  to  the  finger.  When  deposited  from  weak  spirit  it  has 
the  appearance  of  minute  larch  fungi,  to  which  it  was  compared 
by  Proust.  In  the  liver  and  the  extract  therefrom  it  crystallises 
in  balls,  with  a  radiary  arrangement  of  particles.  Its  shape  alone 
can  never  be  relied  upon  for  diagnosis,  but  this  must  be  secured 
by  the  totality  of  its  tests. 

It  dissolves  in  27  parts  of  water  at  the  ordinary  temperature 
of  the  air,  and  in  658  parts  of  alcohol  of  75  per  cent,  or  in  1040 
parts  of  alcohol  of  96  per  cent,  at  the  ordinary  temperature,  and 
in  800  parts  of  such  alcohol  at  the  boiling  heat  It  is  insoluble 
in  ether  even  when  boiling.  The  presence  of  acetic  acid  and  of 
potassium  acetate  increases  its  solubility  in  alcohol  and  water. 
When  heated  cautiously  in  a  glass  tube  open  at  both  ends  it  is, 
without  previously  melting,  completely  volatilised  in  the  form  of 
thick,  white  fumes,  which  resemble  the  white  oxyde  rising  from 
burning  zinc.  When  heated  suddenly  in  a  closed  vessel  it  fuses, 
emits  vapours  of  amylamine,  and  leaves  a  mass  of  charooaL  It 
is  easily  soluble  in  dilute  acids,  and  forms  combinations,  assuming 
readily  a  crystalline  form.  It  is  also  easily  soluble  in  caustic 
potash  and  ammonia. 

DecomposUums. — When  fused  with  caustic  potash  it  is  decom- 
posed into  valerianate  and  cyanide  of  potassium  and  water,  free 
hydrogen  escaping — 

CeHi3N02+2KHO=C5H^KOj+KCN+H  +  2H20 

Leucine.  Potassiain  valerianate. 

Under  the  influence  of  nitrous  acid,  leucine  is  transfonned  into 
leucic  acid,  nitrogen  escaping — 

2(CeH„NO^+N,0,=2(C,H„03)+4N+H,0. 

^ , ^  _  ^ , / 

Leucine.  Leucic  acid. 

2k 
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When  licated  to  230''  in  a  flask  placed  ia  an  oil-bath,  while  a 
slow  current  of  dry  hydrochloric  acid  gas  passes  through,  it  loses 
an  atom  of  water,  and  is  trausformed  into  leacimide,  CgHjjNO. 

When  its  wateiy  solutioo  is  treated  with  chlorine  gas, 
valeronitrile,  and  dichloro-valeronitrile  are  formed,  and  evolved 
on  heating,  while  leucine  hydrochlorate  remains  in  solution — , 

7(CflH,,N02)  +  8C1 = eCCoHj^NO.HCl)  +  C.H.CljN + CO,. 


Leucine. 


Leucine 
hvdrochlorat«. 


Chlori  Dated 
valerfmitrile. 


With  manganese  peroxyde  and  dilute  sulphuric  acid  it  yields 
valeronitrile  on  heating.  On  distillation  with  lead  peroxyde  and 
water  it  gives  ammonia,  butyric  aldehyde,  and  carbonic 
anhydride.  Its  solution  in  potash  ia  decomposed  by  potassiam 
permanti^anate  at  the  ordinary  temperature,  ammonia  being 
evolved,  and  valerianic  and  oxalic  acids  remaining  in  combination 
with  the  base, 

Cambifmtions. — The  watery  solnliotj  of  leucine  is  not  pre- 
cipitated directly  by  salts  of  nietals  with  mineral  acids,  not  even 
by  the  nitrates  of  the  oxyde  and  suboxyde  of  mercury,  nor  by 
corrosive  sublimate.  But  when  it  is  boiled  or  evaporated  witli 
certain  chlorides  or  acetates  it  drives  out  the  whole  of  the  acids. 
and  forms  insoluble  compounds  with  the  metals. 

Leiicint:  hydrocklorate,  C^H^.^NOgHC),  forms  crystals  easily 
soluble  in  water.  When  its  solution  is  saivuTited  with  cop; 
hydroxyde  while  boiling,  and  evaporated,  there  ia  foiined  at' 
fii'st  dicupric  trileucine,  C\j^Hjj^Cu^Nj,Og,  afterwaixla  hydrated 
nionocupric  dileucine,  CY^H^CuN^{\  On  n^peated  evaporation 
to  dryness  the  whole  of  the  hydrochloric  acid  is  driven  out,  and 
all  leucine  is  in  combination  with  copper. 

Ltiwim.  Nitrate,  C^^HpNOyHNO^,  appears  in  colourless  con- 
centric groups  of  needles.  It  forms  a  salt  with  calcium, 
crystallising  in  small  warts,  and  containing  water  of  crystal] isa- 
tion ;  a  salt  with  magnesium  appearing  in  small  granular  crystals, 
and  with  other  metals,  and  these  give  double  salts  with  other 
Halts.  The  nitrate  of  silver  leucine  can  be  pi-oduced  directly  by 
mixing  and  evaporating  in  vacuo  equivalents  of  these  sub- 
stances. 

Mmumipric  dUcucim,  C\^H24CuN„0^.— On  adding  to  a  coi 
centrated  hot  solution  of  leucine  Kept  on  the  steam-bath 
saturutiid  solution  of  cp]iper  acetate,  the  Hnid  becomes  for  a 
moment  deep  blue,  and  then  deposits  a  light  granular  precipitate. 
This  increases  by  stirring,  and  the  fluid  is  decolorised.  The 
washed  and  dried  precipitate  is  a  beautiful  sky*blue  powder, 
wuh  00  particular  lustre,  and  contains  196  per  cent,  of  Cu.  The 
same  compound,  perhaps  monohydrated,  is  obtained  by  dissolving 
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copper  hydroxyde  in  a  leucine  solution,  and  by  evaporating  a 
soltttioa  of  copper  hydroxyde  in  a  solution  of  leucine  hydro- 
chlorate. 


I}i€upric  Trileiicin-e,  C^^Hg 


_  ^sfiGuaX^O^  is  obtained  by  adding  to 
a  Bolution  of  leucine  coppt^r  sulphate  in  excess^  and  then  boiling 
this  solution  with  baryum  carbonate.  The  blue  filtrate  ou 
evaporation  deposits  this  very  insoluble  compound  in  blue  scales 
containing  2458  per  cenL  of  Oil 

Th4*  Ntutral  Mtrcxiry  Salt,  Ci^\i.^Jlg^^O^  ia  made  by  dissolv- 
ing such  a  quantity  of  freshly  precipitated  mercury  oxyde  in  a 
hot  Boluiiou  of  leucine  thai  on  cooling  a  turbidity  ensues  iu  the 
Ikiid.  On  evaporation  the  above  salt  is  deposited  It  is  a 
yeUowish  powder,  and  contains  43^47  per  cent  Hg. 

A  Basic  Mercuri/ Salt.C^^U^JIg^fi^-^ligO,  h  obtained  by 
gently  heating  a  mixture  of  a  solntiou  of  leucine  and  a  con- 
centrated neutral  solution  of  mercury  acetate.  It  contains  59*17 
per  cent,  of  Hg. 

Lcucim  Lead,  Q^^^J^hSfi^,  is  obtained  by  adding  to  a 
boiling  mixture  of  leucine  and  lead  acetate  cautiously  a  little 
ammonia.  On  cooling  the  fluid  fillw  %vith  the  very  insoluble 
compound. 

Ciienikul  Comtitutio7i. — Leucine  ia  amido^caproic  acid,  that  ia 
to  say>  caproic  acid  in  which  an  atom  of  hydioj^jen  is  replaced  by 
amidogen,  CttHn(H^N)Og,  The  nitrogen  is  easily  removed  by 
nitrous  acid,  which  produces  oxycaproic,  Lt,,  leucic  acid/C^H^gOg, 
being  caproic  acid  in  which  an  atom  of  hydrogen  is  replaced  by 
hydroxy le,  CflH^gC^*^)*^^  -  Thus  leucine  is  homologous  to 
glykokoll,  alanine,  and  butalanine,  as  leucic  acid  is  homologous 
to  glykolic,  lactic,  and  oxybntyric  acids.  This  conception  of  the 
constitution  of  leucine  is  further  supported  by  its  synthesis, 
which  is  effected  like  that  of  the  homologous  amido-acids,  by 
boiling  together  the  ammonia  compound  of  valerianic  aldehyde, 
hydrocyanic  and  hydrochloric  acid.  Leucine  hydrochlorate 
crystallises. 

The  tyrosine  obtained  m  above  described  is  purified  by  solution 
in  hydrochloric  acid,  boiling  with  animal  charcoal,  and  precipita- 
tion from  the  filtrate  by  sodium  at'etate.  It  is  further  purified 
by  crystallisation  from  ammonia, 

Fhtfsmd  and  Chemiml  Fro^tertks. — It  crystallises  in  volumin- 
ous white  needles,  which  may  be  compressed  to  a  silky  felt  of 
white  colour  and  some  lustre.  It  is  without  taste  or  odour.  In 
cold  water  it  is  scarcely  soluble,  easily  in  boiling  water  ;  it 
is  insoluble  in  alcohol  and  ether.  It  dissolves  rapidly  in  miBeral 
acids  and  alkalies,  yielding  compoiinds  which  are  even  soluble  in 
alcohol.     From  a  solution  in  ammonia  it  crystallises  unchanged^ 
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bat  in  iBi'geT  cryatilA  ott  ifwintiHtwitti  evspanCioii  of  Uie  flnkL 
From  tbe  alkaliiie  solotacm  it  is  pmrtpitaied  bf  ieid& 

Dor/mtponiiom,  SuhtiUMiioni^  and  Meiamarpkatet. — ^Heated  cm 
platinum  foil  it  emits  an  agreeable  aromatae  odour,  and  bttrtm 
without  leaving  any  lesidiieL  (When  it  gives  out  the  cidonr  trf 
bunit  bom  it  ti  inijNira) 

Under  tbe  infloence  of  nitrie  add  it  jiakla  at  fiivl  fellow 
cTjstels  of  nitrate  of  nitrotyioatne*  (yi,p(N0^50.HNO^ 
Nitrotyrofidne  oombinea  with  other  adds  and  with  melala.  By 
the  further  inflitence  of  nitric  acid  upon  nitrotyrosine  a  pnxlort 
of  oxydatioD  without  any  further  subatitntlon,  uitrotyrosie  acid, 
CgH|^(NO,)NO^  ia  obtained,  of  which  tbe  calcium  salt  is 
aHjCa(NX)^NO^HjO.  This  acid,  by  the  continued  influence 
mhaihng  nitric  acid,  ultimately  }ields  laige  quantities  of  oxalic 
acid,  and  but  small  quantities  of  coUateral  products. 

Under  the  influence  of  a  limited  quantity  of  potaaeium 
dicbromate  and  dilute  sulpbaric  acid,  tyroBine  is  transfomied  into 
an  acid  highly  charged  with  oxygen,  which  remains  com- 
bioed  with  chromic  oxyde  and  water.  It  has  the  formula 
CjjH|jN0ijCr20^H.^0*  On  being  heated  this  compound  girai^ 
out  water  and  carbooic  acid,  and  the  air  being  excluded  leai 
a  pyrophorous,  which  ignites  spontaneously  on  subeequ 
exposure,  and  leaves  green  chromic  oxyde.  With  excess  of  the 
chromic  acid  solution  tyrosine  is  completely  destroyed^  carbonic 
acid  alone  being  apparently  produced. 

Wlien  a  solution  of  tyrosine  in  hot  water  is  mixed  with 
mercuric  uitrate  oud  mercurous  nitrite,  a  crimson  precipitate 
speedily  forms,  and  the  fluid  remains  of  a  pale  red  colour.  Tbe 
compouud  has  the  fomiula  C^HgfNOJjNO^Hg^  and  conUuns  60 
per  ceot.  of  Hg.  In  this  reaction  the  mercurous  nitrite  furnishes 
the  nitrous  acid  which  substitutes  two  atoms  of  hydrogen,  ami 
these  latter  are  oxydised  to  water  by  oxygen  abstracted  fiuni 
mercuric  oxyde  which  disappears  from  the  solution.  A  mixture 
of  mercuric  nitrate  and  mercurous  nitrite  is  the  most  delicate 
test  for  tyrosine  ;  with  a  very  dilute  solution  it  yet  produce  a 
rosy  colour  without  any  precipitnta 

When  tyrosine  is  treated  with  fuming  sulphuric  acid,  allowed 
Ui  Mtand  for  half  an  hour,  diluted  with  water,  neutralised  wit' 
calcium  c»nrl>o»atc\  and  filtered,  then,  on  addition  to  the  filtrat 
of  a  Holutioti  of  iron  chloride  containing  no  free  acid,  a  rich 
violet  colour  i*j  imniediatuly  produced  The  reaction  consists  in 
the  formation  of  sulpho-tyrosinic  acid,  of  which  all  neutral  salt^^ 
give  the  same  coloration  with  neutml  ii^rn  cldoride, 

Coni/knijuli    unth     dWdah. — Tyrosine    forms     two    series    of 
compounds   with   metals,   in    which   either   one  or   two  aton 
of    Dydrogen    are    replaced.       Thus    with    baryum    it  yieli 
(',H^BaK0,f2H,0  and   C,,H,,,BaN,0,  :   with  silver  it  gi^ 
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C.H^^NO^+HgO  and  2(C9Hi(^AgN03}  +  H,0.  These  com- 
pounds  are  not  very  stable. 

Compounds  with  At  ids, — ^Tyrosioe  hydrochlorate  fomis  when 
to  a  solution  of  tyxosine  in  the  acid  an  excess  of  ^itrong  hydro- 
ohloric  acid  is  given.  The  hard  crystals  are  decomposed  by 
water.  The  nitrate,  CyH^jXOj^HNOjj,  and  the  sulphate, 
CgHjjNOgHgSO^j  both  crystallise,  but  are  decomposed  by  water, 

Chetnimi  Constitution.' — From  the  whole  of  the  data  eoucern- 
ing  t)ax)siiie  it  is  clear  that  tlie  nitrogen  contained  in  it  does  not 
exist  eitht^r  in  the  nitro  state,  nor  as  aniidogen  or  imidogen. 
Iodide  of  ethyl  eftects  no  substitution.  Therefore  the  nitrogen 
must  be  altogether  in  direct  combination  with  the  carbon.  There 
13  no  hydroxyl,  otherwise  hydriodic  acid  would  eflect  a  reduction. 
Therefore  all  the  oxygen  must  be  in  direct  and  complete  union 
with  carbon.  There  is  certainly  no  sign  of  highly  condensed 
oxygen  in  tyrosine.  It  seems  to  be  derived  from  C^^H^.  being 
the  fully  expanded  hydride  of  iionyl.  which  has  undergone 
substitution  Ui  a  considerable  extent,  three  atoms  of  hydrogen 
having  been  replaced  by  a  tridynamic  atom  of  nitrogen,  N"',  and 
sLx  atoms  of  hydrogen  by  three  atoms  of  oxygen.  T^nrosine  is 
volatile,  without  decompasition,  in  a  nearly  vacuous  space.  At 
one  pole  of  its  molecule  there  will  exist  N"',  at  the  other  pole 

COH,  thus:  XXCH,CH,CH,CH,CII,COCOC  |  ^  . 

The  great  stability  ot  tyrosine  is  a  sign  that  the  grouping  of  its 
carbon  is  regular.  Everything  in  its  chemical  history  converges 
towards  this  rational  formula. 

The  fact  that  with  dilute  chromic  acid  it  gives  no  acetic  add 
negatives  the  assumption  of  there  being  ethyl  in  union  with 
part  of  the  nitrogen,  or  in  union  with  oxygen.  The  easy  forma- 
tion of  cai^bonic  acid  is  in  harmony  with  the  existence  of  the 
three  atoms  of  carbonic  oxyde.  The  non-production  of  picric 
acid  by  oxydation  with  nitric  acid  is  significant  of  the  non- 
existence of  the  aromatic  gix)up. 

So  remarkable  a  substance  was  well  designed  to  form  the 
.nucleus  of  the  albuminous  substances,  Oxydisable  without 
i^mnant,  it  is  always  entirely  destroyed  by  biolysis,  and  not  found 
in  the  healthy  economy  ;  product  of  patholysis  and  chemolysis, 
it  presupposes  the  towering  or  absence  of  oxydising  power  whicli 
in  these  processes  we  find  or  engender.  The  stability  of  tyrosine 
makes  it  a  fit  starting-point  for  the  synthesis  of  the  albuni^ 
substances,  which  we  may  expect  to  see  erelong  effected 

rath4}lo(fical  Itulicatimis  o/Zeiicine  mid  Tyrosine  in  th 

The  presence  of  these  substances  in  the  urine  is 
of  a  disease  which  by  some  is  considered  as  tyi 
the  liver,  by  others  as  a  specific  disorder  havi 
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with  the  typhiis  process.     As  in  the  majority  of  cases  the  liver^ 
is  greatly  diminished  in  size  and  of  a  yellow  colour,  the  dia 
has  received   the  name  of  acute  yellow  atrophy  of  the  liver,"' 
But  as  there  are  undoubtedly  cases  in  which  the  liver  is  greatly 
increased  in  bulk,  the  ftiregoing  name  is  not  sufficiently  com- 
prehensive, and  should  yield  to  a  better  descrijition.     As   the 
diaefise  is  always  acute,  mostly  fatal,  and  invariably  accompanic 
with  jaundice,  it  is  best  described  as  acute  malufnatU  jaundic€^ 
The   disorder  generally  begins  with  the  si'mptoms   of  gastric 
derangement,  vomiting  of  mucous  matters,  ultimately  containing 
blood  altered  to  a  black   matter  by  the  influence  of  the  gastric 
juice  and  jaundice  more  or  less  prolonged.     The  brain  the 
becomes  involved,  and  the  patients  either  pass  through  violent 
headache  into  a  delirious  stiite,  or  sink  early  into  coma,  fronil 
which  they  can  only  be  roused  by  loud  calling.     In  some  casesi 
convulsions  follow  the  delirious  state,  and  aflect  either  the  whole 
or  part  only  of  the  voluntary  muscles.     Ultimately  the  patienlaj 
sink  into  deep  coma  ;  the  pulse,  which  during  the  eariy  stages 
the  jaundice  was  slow,  becomes  quick  during  the  delirium,  rising! 
to  110  and  120,  and  then  changes  quickly  and  often.     Towards^ 
the  end  of  the  process  it  becomes  very  quick,  and  can  no  longer  be 
felt  at  the  wrist.     Thei*e  is  mostly  pain  in  tlie  hypochondriac 
regions,  aggravated  by  pressure,  particularly  in  the  region  of  the 
liver.     The  size  of  this  organ  is  mostly  diminisbed,  sometimes^  i 
however,   increased.     The   spleen   is    increased    in    si^e.     The^ 
intestines  are  torpid,  the  fieces  dry  and  pale,  or  if  dark  and  fluid, 
mixed  with  altered  blood*     The  skin   becomes  more  intensely 
jaundiced  as  the  process  is  developed,  and  shows  pet€chiie  and 
extravasations.     The  urine  is  mostly  at  first  but  little  diminished 
in  quantity ;  during  the  comatose  period  it  has  to  be  collected  by 
means  of  the  catheter,  as  otherwise  it  is  passed  involuntarily.     It 
is  always  acid,  its  specific  gravity  ranges  from  1012  to  1024; 
duriug  the  progress  of  the  jaundice  its  colour  passes  from  amber 
to  dark  brown,  and  nitric  acid  then  yields  the  reaction  for  cholo- 
chrome.    It  makes  a  deposit  on  standing  which  in  the  early  | 
febrile  stages  may  contain  urates.     Later  the  deposit  contains  no 
umtes,  but  consists  of  desquamated  epithehum  of  the  urinary 
passages  and  kidney  tubes,  mixed  with  a  number  of  crystaUint^ 
needles  lying  singly  or  united  in  groups,  being  tyrosine  dyed 
with     altered    biliary    pigment.     The    urine     rarely    contains  \ 
albumen.     Phosphoric    acid   and  calcium   gradually   disappear 
entirely.     The  urea  becomes  diminished,  and  disappears  at  last 
completely,  its  place  being  apparently  taken  by  tyrosine,  huge 
quantities  of  leucine,  ammonia,  and  peculiar  amorphous  matters 
which  have  been  termed  extractives,  but  not  otherwise  defined  or 
distinguished  from  the  normal  so-called  extractives  of  the  urine. 
Clinical    Analysis    of   the    Urine, — After    the    microscopic 
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examioation  of  the  urine  the  deposit  is  collected  on  the  filter,  and 
extracted  with  dilute  aniniooia.  This  solutiou  will  contain  all 
tyrosine  of  the  sediment,  and  deposit  it  in  needles  on  spontaneous 
or  gentle  evapomtion  in  a  dial-plate  or  watch-glass.  On  evapora- 
tion and  cooling  the  urine  will  deposit  more  tyi-osine,  which  is 
purified  like  the  spontaneous  deposit.  The  urine  is  then  a^ain 
diluted  and  treated  %vith  acetate  of  lead,  next  with  basic  acetate, 
and  after  removal  of  the  precipitates  freed  from  excess  of  lead  by 
hydrothion.  The  filtrate,  %vhich  is  free  from  uonnal  and  abnormal 
colouring  matters,  kryptophanic,  sulphuric,  and  phosphoric  acids, 
is  evaporated  to  a  s^Tupy  consistence.  It  then  mostly  deposits 
leucine  in  the  usual  granules,  mixed  with  tyrosine.  But  some- 
times the  syrup  refuses  to  crystallise,  and  has  to  be  digested  with 
cold  absolute  alcohol,  which  dissolves  the  sympy  matters.  The 
residue  is  then  treated  with  boiling  spirit  of  wine,  which  extracts, 
and  on  cooling  deposits  the  leucine  in  a  crystalline  form.  It 
leaves  a  sjTupy  matter  undissolved,  very  much  resembling  the 
brown  viscid  syrup  which  is  obtained  during  the  process  of  pre- 
paring leucine  and  tyrosine  from  alliuminous  substances  by  the 
process  above  described.  The  solution  in  cold  alcohol  may  con- 
tain urea  and  leucine.  On  addition  of  a  quantity  of  ether, 
amounting  to  from  one-half  to  an  equal  volume,  it  deposits  an 
amorphous  matter,  from  which  leucine  is  gradually  separated  in 
crystals.  The  ether  and  alcohol  solution  retains  any  urea  and 
ammonium  salt  which  may  be  present.  The  ether  is  removed  by 
distillation,  and  to  the  alcoholic  residue  a  solution  of  oxalic  acid 
in  alcohol  is  given.  Any  precipitate  which  ensues  may  be  either 
urea  or  ammonium  oxalate.  This  is  decomposed  with  calcium 
carbonate.  The  tiltntte  will  yield  any  urea  on  evaporation  and 
addition  of  nitric  acid ;  wjiile  ammonia  will  evaporate  as  car- 
bonate during  the  ti-eatment  with  chalk,  and  must  be  collected 
if  it  be  desirable  by  conducting  the  process  of  decomposition  in 
a  retort 

The  jirocesses  described  in  the  foregoing  are  applicable  to  the 
isolation  of  leucine  and  tyrosine  from  any  tissue,  if  the  latter  is 
minced  or  triturated  with  glass  powder  and  extracted  with  boiling 
water.  Blood  or  serous  fluids  require  extraction  with  boiling 
water  to  which  acetic  acid  has  been  added  until  the  mixture  has 
an  acid  reaction.  Tlie  watery  extracts  may  then  be  treated  like 
the  urine.  The  Inle  in  typhus  is  said  sometimes  to  contain 
leucine.  In  such  cases  the  bile  may  be  treated  with  neutral  and 
basic  lead  acetate  to  remove  biliary  acids,  or  its  dry  residue 
tjxtracted  with  absolute  alcohol  to  dissolve  their  salts*  The 
residues  in  either  case  are  treated  like  the  urine  above  described. 


CHAPTER   LXL 

0XYMA^T>£L1C  ACID,  C^H^O^. 


HISTORY  AND  00CURR15CK. 

This  acid,  so  called  because  in  its  fonuula  it  contains  one  atom 
of  oxygen  more  than  the  acid  which  tigiues  in  chemistry  imder 
the  name  of  mandelic  acid,  was  found  by  Schultzen  and  Kieas 
("  Ann.  d.  Charitek/*  Berlin  (1869),  15,  72)  in  several  cases  of 
maliguant  jaundice  in  the  urine,  together  with  leucine,  tyrosine, 
earcolactic  acid,  biliary  acids,  and  pigments,  small  quantities  of 
albumen  and  a  peptoue-Iike  substance  which  appears  in  urine 
frequently  and  in  larj-e  quantity  atlter  acute  poisoning  with 
phosphorus.  The  ai-ea  was  either  entirely  absent  or  reduced  to 
a  minimum.     Leucine  and  tyrosine  were  never  absent. 

Moth  of  holaiiiig  it  from  Urine. 

The  urine  is  evaporated,  and  the  leucine  and  tyrosine^  which 
are  deposited,  are  removed;  the  mother-liquor  is  precipitated 
with  absolute  alcohol ;  the  alcoholic  solution  is  evaporated,  and 
the  syrupy  residue,  aft-er  acidulation  with  dilute  sulphuric  acid,  is 
exhaust-ed  with  ether.  The  ether  extracts  after  distillation  leave 
a  brown  fluid  residue,  from  which  long,  thin,  colourless  needles^ 
heatdes  brown  oily  drops,  are  dei>osiled.  The  needles  are  dis- 
solved in  water ;  in  the  yellowish  filtmte  neutral  lead  acetate 
produces  a  slight  flaky  precipitate,  whereby  the  fluid  becomes 
less  coloured.  The  clear  filtrate  now  gives  with  basic  lead 
acetate  immediately  a  flaky  precipitate,  which  after  some  stand- 
ing is  condensed  so  as  to  form  a  hea\^,  granular,  cr}'8talliQe 
powder.  This  is  suspended  in  water  and  decomposed  by 
hydrothion.  The  filtrate,  after  evaporation,  yields  coIourl6B8» 
sflkyj  flexible  needles  of  oxymandelic  acid. 

Phgmcal  and  Chemical  CharacUrs. 

The  acid  contains  4"6  per  cent,  water  of  crystallisation,  which 
escapes  in  part  on  exposure  to  air,  but  is  completely  expelled  at 
130'';  it  fuses  at  162  .  It  is  little  soluble  in  cold,  easily  soluble 
in  hot  w^ater,  in  alcohol,  and  in  ether.  On  being  heated  in  a 
zlass  tube  with  hydrato  of  lime;  brown  oily  drops  am  evolved 
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which  smell  of  phenol,  and  in  contact  with  a  watery  solution  of 
ferric  chloride  give  a  dark  violet  colour.  The.  calcium  salt  of  the 
acid  (C8H704)2Ca+2H20,  crystallises  in  colouriess  glass-like 
needles. 

New  Nitrogenised  Acid  in  Phosphorus  Poisoning. 

From  a  specimen  of  urine  which  came  from  a  case  of  acute 
poisoning  by  phosphorus,  Schultzen  and  Biess  obtained  an 
alcohol  and  ether  extract,  and  from  this  a  syrup  which  deposited 
warts  of  colourless  rhombic  scales.  They  constituted  a  nitro- 
genised acid,  which  was  not  precipitated  by  basic  lead  acetate, 
but  by  silver  nitrate.  The  argentic  precipitate  crystallised  from 
boiling  water  in  shining  white  needles,  and  contained  33*9  per 
cent.  Ag.  The  acid  was  decomposed  by  beat,  and  on  distillation 
with  lime  gave  aniline.     It  fused  at  184''  to  185^ 


CHAPTER    LXII. 
KYNUKIC  ACID,  C^U.^lSfi^  2(11^0). 


HISTORY  AND  LITKRATUKE. 

This  acid  was  discoveR^d  by  Liebig  in  the  urine  of  dogs,  of 
which  it  18  a  normal  constitiieDt  He  estimated  the  composition 
of  the  acid  to  be  expressed  approximatively  by  the  formula 
Cj^Hj^K^O^.  Schneider  was  the  fii-st  to  analyse  some  palts,  and 
from  the  barj^um  compuimd  estimated  the  formula  to  be 
Cjjf^HjgNgO^.  The  acid  was  then  examined  by  Schmiedeberg  and 
Schultzen  C'Aim.  Chem/'  164  (1872),  155),  who  came  to  the 
Ibrmtila  adopted  in  the  heading. 

Mode  of  Obtaining. 

The  urine  of  do(^s  is  mixed  with  some  hydrochloric  acid,  and 
ullowed  to  stand  for  some  days.     After  that  time  the  acid   is 
found  deposited  in   dark   coloured,  almost  black,  little  scales^  i 
mixed  not  unfrequeiitly  wntb  a  little  uric  acid,  and  some  freal 
bulphur.     From  the  latter  the  acid  is  se]iarated  by  levigation^  J 
from  the  uric  acid  by  solution  in  ammonia  and  filtration.     If  tlio* 
urine  should  be  very  dilute,  or  contain  little  acid,  it  may  be 
necessary  to  evaporate  it  to  one-third,  precipitate  with  nentnil 
lead   acetate,  remove  excess  of  lead   by  hydrotbion,  and   add 
hydrochloric  acid. 

The  crude  dark  kynnric  acid  is  }>urified  by  repeated  solution 
in  ammonia,  treatment  with  animal  charcoal,  and  precipitation 
of  the  hot  diluted  solution  with  acetic  acid.  The  k3muric  acid 
is  then  def>osited  in  lat^e  scaly  crystals,  which,  grey  at  first, 
after  complete  purification  become  pearly  white* 

rhydml  atid  Chemical  Properties. 

The  Dom)K»6ition  of  the  acid  is  eTcpressed  by  the  formula 
C^Hj^N^Og+i*!!/),  or  perhaps  half  that  formula.  The  two 
molecules  of  water  are  expelled  by  heat  at  150^.  The  acid  is 
almost  insoluble  in  either  hot  or  cold  water,  containing  a  little 
hydrochloric  or  nitric  acid,  but  is  easily  soluble  in  eoncentmted j 
acids.  It  is  somewhat  soluble  in  hot  alcohol,  and  on  cooling  \m\ 
partially  deposited  in   fine   needles.      In  ether  it  is  slightly 
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soluble.  At  264°  to  266°  it  fuses,  gives  out  carbonic  acid  gas, 
and  is  transformed  into  a  brown  liquid,  which  congeals  slowly. 
This  residue  can  be  recrystallised  from  hot  water,  purified  by 
animal  charcoal,  and  then  crystallises  in  groups  of  glass-like 
prisms,  which  are  very  insoluble  in  water.  They  are  anhydrous, 
permanent  in  air,  fuse  at  201°,  neutral,  soluble  in  alcohol, 
combine  with  hydrochloric  acid  to  form  a  crystallised  salt, 
which  combines  with  platinic  and  auric  chloride  to  very  definite 
double  salts.  The  free  base,  kynurine,  has  the  composition 
expressed  by  the  formula  CigHj^NJOj;  the  hydrochlorate, 
Ci8Hi.NJ0j+2(HCa)+H2O ;  and  the  platinum  salt,  CigHj^NjO. 
+2(HCf)  +  PtCl4.  Kynurine  is  derived  from  kynuric  acid 
according  to  the  equation — 

C^H,,N,0,=Ci3H,,NA+2(CO^. 

When  kynuric  acid  is  heated  to  180°,  with  hydriodic  acid  ii: 
a  sealed  tube,  prisms  of  a  new  body  are  obtained. 

With  baryum  the  acid  forms  a  crystallised  salt,  of  the  formula 
C^TlJSfi.B€L+3{Bfi)  (26-70  per  cent.  Ba),  which  is  little 
soluble  in  not,  almost  insoluble  in  cold,  water.  Excess  of  bar3rta 
water  dissolves  the  salt  very  easily.  The  crystals  lose  their 
water  of  crystallisation  only  at  150°  to  160°.  No  other  baryum 
salt  of  kynuric  acid  is  known,  and  the  acid  might  therefore  also 
be  assumed  to  be  monobasic,  and  to  have  the  formula  C10H7NO3. 
But  the  formation  of  kynurine  caused  Schmiedeberg  and 
Schultzen  to  double  the  formula.  I  do,  however,  not  see  the 
cogency  of  their  argument,  inasmuch  as  the  formulae  of  kynurine 
and  its  salts  can  be  written  quite  as  well,  if  not  with  better 
regard  to  probability,  with  the  aid  of  the  formula  C0H7NO. 


CHAPTER    LXlll. 


IlISTOKY  AND  LlTElUTrCE. 

This  body  was  found  in  the  urine  of  a  dog  by  ♦Tafte  i^"  iiui. 
Deutack  Chem.  Ges."  7,  1669,  and  8,  811).  *Tlie  dog  ran 
away,  and  tliL^n  the  excretion  of  eight  different  dogs  vvas  exa- 
mined, hut  none  yielded  the  new  substance.  It  is  therefore, 
if  not  a  pathological,  at  least  an  anomalous  ingredient  of  the 
excretion.  It  may  be  recorded  as  a  warning  to  be  heeded 
in  similar  circumstances,  that  Jaff*5  observed  the  new  principlel 
first  in  the  dog's  urine  after  he  had  given  it  pamnitrotohiol  to 
eat,  and  Ijclieved  it  to  stand  in  some  relation  to  that  circumstance. 
But  three  months  after  this,  when  the  dog  was  taking  ordinary 
food  and  no  paranitrotoluol,  and  was  apparently  perfectly 
healthy,  it  still  excreted  the  new  acid. 

Mode  of  Obtaining, 

The  urine  was  evaporated  to  a  svTUp  on  the  water-b  i  '  ! 

repeat^ly  extracted  with  hot  alcohol  The  alcohol  was  ^ 
IVoni  the  extmcts,  the  residue  acidified  with  dilute  sulphuric  acid. 
iiud  extracted  with  ether  After  removal  of  the  ether  the 
residue  formed  a  paste  of  crystals,  which  were  freed  from  mother- 
lifinor  on  the  vacuum  filter,  washed  with  little  water,  freed  from 
urea  by  alcohol,  and  obtained  pure  by  i-ecrj^stallisation. 

These  crystals  were  a  sulphate  of  the  new  body  The 
sulphuric  acid  was  removed  by  cautious  addition  of  baryta  water, 
and  filtration  while  hot*  An  excess  of  baryta  water  had  to  \n* 
avoided,  as  it  funned  an  easily  soluble,  non-crystallising,  baryum 
salt  with  the  acid.  Or  the  sulphate  was  dissolved  in  ammonia^ 
and  precipitated  by  acetic  acid.  The  precipitate  recrystalUaod 
from  water  yielded  the  substance  pure. 

Physical  and  Chemical  Ch^iract^rs. 

Urocaninic  acid  crystallises  in  long,  colourlcsH,  thin  prisms,  ur 
in  needles.  It  contains  water  of  crystallisation,  which  goes  away 
at  105".  It  is  very  little  soluble  in  cold  water,  easily  in  hot 
water,  insoluble  in  alcohol  and  in  ether.    It  con  be  heated  to 


UROCANINIC  ACID.  525 

near  its  fusing  point  without  undergoing  decomposition,  but  it 
fuses  at  212°  to  213^  with  evolution  of  carbonic  acid  and  water  to 
a  yellowish  oil,  which  on  cooling  sets  to  a  glassy  mass.  This  is 
mainly  a  new  base,  urocanine,  and  its  formation  occurs  according? 
to  the  equation  CigHigN^O^iziaiHioN'^O+CO^+HgO. 

The  base  is  soluble  in  alcohol,  but  does  not  crystallise  from  it. 
It  is  somewhat  soluble  in  hot  water,  and  the  solution  on  cooling 
becomes  turbid,  and  deposits  flakes.  It  forms  salts  with  acids 
which  do  not  crystallise.  In  the  hydrochlorate,  platinic  chloride 
produces  a  precipitate  which  is  at  first  amorphous,  later 
crystalline,  and  has  the  formula  CiiHioN^O,2HCl,PtCL.  It  is 
little  soluble  in  cold  water,  fuses  in  hot  water  to  a  reddish-brown 
oil,  and  is  very  hygroscopic,  insoluble  in  alcohol  and  in  ether. 

Urocaninic  acid  has  the  combining  faculties  of  an  acid  and  of 
a  base  at  the  same  time.  In  the  latter  quality  it  combines  with 
mineral  acids,  forming  crystallised  salts,  but  it  does  not  combine 
with  acetic  or  oxalic  acid. 

The  hydrochlorate,  Ci2Hi2NjC>42HCl,  crystallises  from  hot, 
concentrated,  hydrochloric  acid  in  needles,  easily  soluble  in 
water. 

The  nitrate,  Ci2Hi2N^042HN08,  is  obtained  as  a  crystalline 
precipitate  by  addjng  nitric  acid  to  a  watery  solution  of  urocaninic 
acid.  The  salt  is  almost  insoluble  in  dilute  nitric  acid,  and  in 
alcohol,  but  easily  soluble  in  water.  The  crystals  must  be  washed 
with  dilute  nitric  acid,  and  dried  in  vacuo  over  caustic  potash. 
They  may  then  be  heated  to  110*'  without  decomposition. 

The  sulphate,  Cj^HigN^O^IIgSO^,  crystallises  from  hot  dilute 
sulphuric  acid  in  microscopic  needles  and  scales.  It  is  like  the 
nitrate,  anhydrous,  little  soluble  in  cold  water  and  in  alcohol, 
insoluble  in  absolute  .alcohol 


CHAPTER    LXIV. 

LITHURIC  ACm,  C^^Hi^Oy 


mSTORY  AND  UTERATURE. 

A  VETERINARIAN  at  Pietrasanta,  in  Tuscany,  some  years  ago 
observed  that  oxen  which  were  used  for  tilling  the  soil  excreted 
from  time  to  time  roundish  coacretions,  which  differed  in 
appearance  from  commoner  forms.  He  collected  some  and  sent 
them  through  the  mediation  of  the  local  physician,  Linoli,  to  the 
laboratory  for  pathological  chemistry  at  Florence,  where  they 
were  analysed  by  Boeter,  with  the  following  results  ("Ann. 
Chem/'  165  (1873).  104). 

Physical  and  Chemical  Ckaraden  of  Uu  Concrdion. 

The  largest  calculus  obtained  weighed  1'02  grm.,  was  25  m.m, 
long,  and  8  m.ni  thick  ;  the  smallest  weighed  0^15  grm.»  and  was 
(i  m.m,  long,  and  5  HLia  thick.  They  were  of  low  specific 
gravity,  but  did  not  float  on  water.  Their  colour  was  light 
straw  yellow,  somettmes  with  an  admixture  of  grey.  On  fractures 
layers  were  not  observed,  but  a  clearly  crystalline  structure. 
They  could  not  be  disintegrated  by  pressure  between  the  lingers, 
but  easily  powdered  in  a  mortar.  The  powder,  or  smaller  frag- 
ments, when  inspected  by  the  aid  of  the  microscope  exhibited 
transparent  prisms  of  greater  or  shorter  length  and  diameter,  the 
ends  of  which  were  terminated  by  two  planes,  similar  to  the 
ends  of  crystals  of  hippuric  acid.  They  consisted  almost  entirely 
of  the  magnesium  salt  of  a  nitrogenised  organic  acid,  which  was 
soluble  in  hot  water.  Besides  this  they  contained  only  a  trace 
of  calcic  carbonate  and  some  mucous  matter.  The  solution  in 
boiling  water  was  filteredj  and  on  cooling  deposited  a  white,  silky, 
rrystalline  precipitate. 

Physical  and  Oiemical  Characters  of  the  Purijkd  Salt  and 
the  Free  Acid. 

The  pure  substance,  as  obtained  by  repeated  erystallisatioD, 

appears  in  transparent  clinorhombic  prisms,  with  two  planea 
pointing  each  end.     More  rai^cly  it  crystallises  in  thin  needles. 
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It  can  be  washed  with  cold  water,  in  which  it  is  very  little 
soluble. 

It  is  insoluble  in  alcohol  and  ether.  Heated  on  platinum  it 
blackens,  fuses,  and  then  burns  almost  without  flame,  giving  out 
the  smell  of  burning  sugar.  On  heating  with  soda  lime  it  evolves 
ammonia,  but  not  on  boiling  with  caustic  potash  solution.  It 
contains  no  sulphur.  It  leaves  an  ash  consisting  of  magnesia 
only.  From  the  elementary  analyses  Roster  calculates  the 
formula  CggHggNgMgOi^,  or  CgoHg^NgMgOig,  for  the  salt. 

On  adding  to  the  hot  saturated  watery  solution  of  thp  salt 
some  hydrochloric  acid,  and  allowing  the  mixture  to  stand  and 
cool,  white  silky  needles  of  lithuric  acid  are  deposited.  They 
fuse  at  first  at  200°,  but  after  several  recrystallisations  the  fusing 
point  rises  to  203°  and  204*5°.  The  formula  of  the  acid,  as 
deduced  from  the  magnesium  salt,  is  probably  CjgHigNO^ 


CHAPTER    LXV. 
DAMALURIG  AND  DAMOLIC  ACID. 


HISTORY  AWD  OCOUBRENCE. 

These  volatile  acids  were  discovered  by  Stadeler  (''Ana.  Chem/' 
77  (J  851),  17)/ and  as  far  as  I  am  aware  have  not  yet  been 
studied  any  further  by  other  observers.  The  material  from  which 
he  originally  obtained  them,  together  with  phenol  and  cre^ol 
(taurylie  acid),  was  the  urine  of  cowa,  and  lat^r  that  of  horses. 
But  he  says  (p.  34)  that  lie  also,  in  one  experiment  with  tkree 
pounds  of  human  urine,  found  both  i^^roups  of  acids,  upon  which 
Liebig,  as  the  then  editor  of  the  '*  Aunalen/*  referred  to  his  own 
researches  in  vol  50,  172,  in  the  course  of  which  he  had  again 
proved  the  presence  of  acetic  acid  in  (putrid)  urine.  As 
we  know  from  a  former  chapter  that  human  urine*  both  fresli 
and  fermented,  yields  large  quantities  of  acetic  and  forraic  acid, 
it  is  surprising  that  these  acids  are  not  mentioned  by  Stadeler, 
Thin  circumstance  makes  his  statement  regarding  the  presence  of 
danmluric  and  damolic  acid  in  human  urine  extremely  doubtful. 

31  ode  of  Ohtaitmiff. 

Eighty  pounds  of  fresh  morning  urine  of  cows,  which  during  ^ 
the  daytime  were  grassing,  but  in  the  morning  and  evening  had  a 
feed  of  hay,  straw,  and  bran,  was  mixed  with  milk  of  lime,  boiled 
up,  decanted  from  the  excess  of  lime,  and  evaporated  at  boiling 
heat  to  about  one-eighth  of  its  volume.  The  tiUrate  was  then 
well  cooled,  mixed  with  hydrochloric  acid  until  it  showed 
a  strongly  acid  reaction,  and  after  twelve  hours'  standing 
separated  from  the  deposit  of  hippuric  acid.  This  mother-liquor 
yielded  on  distillation  a  milky,  strongly-smelling  fluid,  which 
deposited  a  fe%v  viscid  yellow  or  greenish  oily  drops.  The 
distillate  was  repeatedly  rectified,  and  ultimately  there  was 
obtained  an  oily,  pale  yellowish  liquid,  settled  below  the  water, 
which  had  simultaneously  passed  over.  This  oil,  together  with 
the  waterj"  distillate,  was  mixed  with  a  weighed  quantity  of 
potassic  hydrate  until  it  had  a  stmngly  alkaline  reaction,  and 
again  distilled  ;  a  pale  yellow^  Nffht  oil  of  penetrating  odour  was 
obtiiined  as  distillate.     Stadeler  supposes  this  light  oil  to  be  a 
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ir>roduct  of  the  action  of  the  potash  upon  one  of  the  most  odori- 
feroua  ingredieuts  of  the  main  distillate.  It  was  distilled  over 
dilute  sulphuric  acid,  and  became  perfectly  neutral.  On  being 
heated  with  soda  lime  it  evolved  much  ammonia,  and  in  oil  of 
vitriol  it  dissolved  with  a  deep  wiue  red  colour,  which  became 
gradually  paler  and  colourless  on  addition  of  water.  This  nitro- 
genated  oil  was  not  any  further  exainiued,  as  the  quantity 
obtained  was  too  small. 

The  alkaline  solution  from  which  this  light  oil  bad  been 
separated  was  now  treated  as  follows,  in  order  to  separate  the 
hydrochloric  and  benzoic  acid  which  it  contained : — Five-sixths 
of  the  potasaic  hydrate  employed  were  saturated  with  sulphuric 
acid,  and  the  mixture  was  then  dtetilled  until  the  distillate  did 
not  any  louger  give  a  precipitate  with  basic  lead  acetate.  The 
entire  distillate,  w^hich  had  the  odour  of  phenylic  acid,  was 
repeatedly  lectified  over  sodic  chloride,  until  the  greater  part  of 
the  acids  was  obtained  in  an  oily  fonn,  with  only  a  small  portion 
of  a  watery  solution.  Water  solution  and  oil  had  a  strongly  acid 
reaction,  and  were  saturated  with  sodic  carbonate,  and  frequently 
shaken  during  twelve  hours.  The  oily  layer  hatl  been  much 
diminished  by  this  treatment,  and  was  separated  by  means 
of  ether  from  the  sodium  salts. 

Acids  which  did  not  Decompose  Sadie  Carhonate. 

The  ether  solution  was  distilled,  and  the  residue  further  distilled 
with  concentrated  potash  ley.  A  small  portion  of  the  indifferent 
nitrogenised  light  oil  above  described  passed  over.  The  alkaline 
residue  was  decomposed  with  potassic  bicarbonate,  and  distilled  ; 
the  distillate,  which  weighed  about  25  grm«,  was  left  for  some 
time  in  contact  with  fused  calcic  chloride,  and  then  rectilied  over 
calcic  chloride.  The  distillate  on  fractional  distillation  gave 
much  phenol,  which  passed  over  at  180°  to  195',  but  was  still 
somewhat  impure,  containing  some  of  the  light  nitrogenised  oil, 
so  fis  to  ^ield  0  63  per  cent  nitrogen  on  analysis,  and  some  of 
the  homologous  tuwrylic  acid  or  cre^^  C^H^O^.  The  presence  of 
this  latter  body  was  made  probable  by  the  higher  boiling  point, 
and  the  excess  of  carbon  and  hydrogen  obtained  in  the  elementary 
analyses  of  the  phenoL  It  further  yielded  a  characteristic  com- 
pound with  sulphuric  acid,  which  crystallised  quickly  in  tender 
white  ramified  masses,  while  phenol,  when  combined  with 
sulphuric  acid,  yielded  a  compound  w^hich  remained  fluid 
for  months.  This  crystallised  compound,  however,  was  so 
hygroscopic,  that  when  Stadeler  placed  it  upon  a  slab  of  plaster 
of  Paris  to  remove  the  adhering  sulphuric  and  phenol  sulphuric 
acid,  it  became  liquid,  and  disappeared  in  the  plaster, 
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Acidi  which  Ikcomposed  Sodie  Carbonate. 

The  solution  of  potash  salts,  which  bad  been  freed  from  the 

phenol  and  cresol  just  descriht*d  by  ether,  was  evaporated  to 
remove  ether,  and  then  decomposed  with  sulphuric  acid,  and 
distilled.  The  distillate,  which  had  a  peculiar  odour  reminding 
of  butyric  acid,  separated  into  two  layers ;  the  lower  one  was  a 
colourless,  heavy,  oily  bquid,  the  upper  one  was  a  solution  of  these 
acids  in  water,  and  strongly  reddened  litmus.  The  watery 
solution  was  boiled  withbaiTtic  carbonate,  and  the  alkaline  solu- 
tion wiis  evaporated  After  twenty-four  houi^s  flat,  shiny  prisms 
formed  ;  the  mother-liquor  in  the  vacuum  over  sulphuric  acid  had 
deposited  a  second  set  of  crystals  which  were  not  analysed.  A 
third  and  fourth  (quantity  of  crystallised  matter  were  obtained : — 

1st  crystals,  fusible,  contained  27 '46  per  cent  BaO, 
2d         .        not  analysed. 

3d         „        infusible,  contained  39*36  per  cent  BaO. 
4th       ,        fusible,  ,.         44-46 

The  oily  pait  of  the  acids  was  now  also  transformed  into 
baryum  salts,  and  yielded  on  fractional  crystallisation  six  pre- 
parations, with  the  follow  iDg  percenta^^es  of  baryum  oxyde  : — 


Ist  crystals  ] 
2d  .,  1 
3d       . 


fusible 


infusible 


4  th      „         } 

5th      .        J  i 

6th,  the  evapomted  mother-liquor 


contained  27  oU  per  cent.  BaO. 
.       27-85       „ 
..       3903 

.       39-18       .. 
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The  miiiii  quantity  of  salts  were  those  with  a  little  more  than 
3'J  per  cent,  of  baryum  oxyde.  Further  analysis  showed  that 
this  salt  contained  a  new  acid,  to  which  Stiideler  gave  the  name  of 

Danialuric  Acid. 

U  had  a  peculiar  odour,  not  unlike  valerianic  acid,  was  a 
little  heavier  than  water,  and  formed  with  basic  lead  acetate  a 
white  precipitate,  which  under  the  microscope  consisted  of  fine 
prisms  united  to  balls.  Its  elementary  composition  is  expressed 
by  the  formula  C^Hj^O.,,  The  baryum  salt  requires  by  theory 
?S'IH  per  cent,  BaO,  wliich  is  well  supported  by  the  quantities 
found,  A  silver  salt  produced  by  precipitating  the  solution  of 
the  baryum  salt  with  at|gentie  nitmte  gave  on  analysis  numbers 
which  corresponded  accurately  with  the  formula  C^H^jAgOj. 

Damolic  Acid, 

This  acid,  which  as  regards  quantity  follows  next  to  damaluric 
acid  in  the  mixtnrR,  is  the  one  whose  baryum  salt  is  the  first  to 


DAMALURIC  AND  DAMOUC  ACID.  531 

crystallise  from  the  solution  of  the  mixed  salts,  and  is  distin- 
guished by  its  fusibility  from  the  infusible  barytic  damalurate. 
The  salt  contained  in  the  mean  27*63  per  cent,  baryum  oxyde; 
its  solution  had  an  alkaline  reaction,  and  it  cannot,  therefore,  be 
an  acid  salt.  The  acid  is  separated  from  the  baryta  by  hydro- 
chloric acid  in  heavy  oily  drops,  which  do  not  solidify.  It  cannot 
therefore  belong  to  the  series  of  fatty  acids,  of  which  those  of 
similar  atomic  weight  are  solid. 

Acids  of  the  Salts  with  abave  40  per  cent.  Baryum  Oxyde. 

The  salts  were  considered  by  Stadeler  as  mixtures  of  baryum 
damalurate  with  another  baryum  salt.  But  he  could  not  decide 
whether  the  secoud  acid  in  these  salts  wa^  butyric,  valerianic,  or 
an  unknown  acid. 

Form  in  which  tliese  Acids  are  probably  contained  in  the  Urine 

of  Cows. 

When  Stadeler  simply  distilled  cows'  urine  without  any 
reagents,  he  obtained  only  an  ammoniacal,  disagreeably  smelling 
distillate,  without  any  phenol  or  damaluric  acid.  But  when  he 
evaporated  such  urine  at  a  low  heat  to  one-eighth,  after  coqling 
added  sulphuric  acid,  removed  the  hippuric  acid  precipitated  on 
standing,  and  extracted  the  dark  brown  liquid  with  ether,  he 
obtained  in  the  residue  from  the  ether  some  cresol  and  phenol, 
and  traces  of  damaluric  and  damolic  acid.  He  therefore  con- 
cluded that  these  bodies  were  present  in  the  urine  ready  formed, 
but  combined  with  alkalies.  These  views  should  be  compared 
with  what  I  have  stated  under  the  chapters  referring  to  phenol 
and .  cresol  producing  bodies.  As  regards  damaluric  acid  he 
believed  that  at  least  a  portion  might  be  a  product  of  the 
cleavage,  under  the  influence  of  caustic  potash,  of  the  odoriferous 
ingredient  of  the  urine  employed ;  and  that  the  second  product  of 
this  cleavage  might  be  the  nitrogenised  neutral  light  oil  described 
above. 

Stadeler  did  not  estimate  the  volatile  products  quantitatively, 
but  believed  their  relative  quantities  to  observe  the  following 
order : — Cresol  (taurylic  acid)  was  present  in  largest  amount  ; 
next  came  phenol,  and  damaluric  acid ;  damolic  acid  scarcely 
amounted  to  one-quarter  of  the  weight  of  the  damaluric ;  and  in 
smallest  quantity  was  present  the  acid,  the  baryum  salt  of  which 
contained  more  than  40  per  cent,  of  baryum  oxyde. 
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INTHdt)UCTORY  REMARKS. 


L  Succinic  QcitL 

2,  TarUiric  avUh 

3,  <Jallic  and  pyrof^ll'u-  arid. 

4,  Toluric  acid. 

5*  Salicyluric  acid. 
(J.  Salicyloas  acid. 

7,  Me  conic  acid. 

8,  Camphoric  acid. 

9,  Anisic  acid. 

10,  Cuminic  acid 

1 1,  Abietinic  acid. 


12.  Benzoic  acid*  1 

13.  Benzoic  etlier, 

14.  Oil  of  bitter  aimontla,  !      givv 

15.  Cinnainic  acid,  J  IiippuHx^ 

16.  Cliinic  acid, 

17.  Mandelic  acid,  J 

18.  Nitro-benstoicgivesnitro-liippunc, 

S  and    their   sidtsj    when 

19.  Citric,  1        taken  even  in  laige 

20.  Malic^  I       dosee,  do  not  leappeur 

)       in  the  uriiie. 


Under  this  heftd  I  wish  to  notice  a  series  of  orgaaic  acids  which 
never  appear  in  the  urine  as  products  of  the  organism,  but  as 
substances  simply  passing  through  the  body  without  undergoing 
destruction.  Of  some  acids  only  a  small  proportion  reappears  in 
the  urine,  after  the  ingestion  of  large  doses  into  the  stomack 
The  same  acida  when  introduced  m  small  quantities  are  entirely 
oxydised  in  the  body,  and  their  salts  appear  in  the  urine  as  the 
carbonates  of  the  respective  bases.  Besides  the  acids  which 
may  be  totally  oxydised  in  the  body,  or  of  which  a  small  pro- 
portion only  may  appear  in  the  urine,  we  have  to  notice  acids  of 
which  the  entire  amount  appears  cither  unchanged,  or  partially 
changed,  or  combined.  Gallic  acid  seems  to  pass  unchanged 
through  the  body ;  tannic  acid  is  transformed  into  gallic  and 
pyrogallic  acid  ;  salicylic  acid,  imitating  benzoic  acid,  combines 
with  glykokoll,  and  appears  in  the  urine  as  salicyluric  acid. 
The  occurrence  of  these  substances  in  urine  is  mostly  accidental, 
and  dependent  upon  the  inspimtion  of  some  experimenter,  few 
only  being  administered  as  medicines. 

HisioTtf  and  Liieraturt, 

The  fii'St  extensive  reseai-ches  on  the  changes  which  substances 
introduced  into  the  stomach  undergo  or  not  undergo  before  they 
reappear  in  the  urine,  were  instituted  by  Wulder  (Tiedemann 
and  Treviraiiui  *' Zeitschr.  ftir   Physiologie. "  1,   125).      Many 
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lU'ophaQie  substances  were  inveatigated  by  Wohler  and  Fi'erichs 
C*Ann.  Chem;'  65,  335)  cunjointly,  and  by  Heller  and  Klet- 
ziosky,  who  contributed  many  papers  in  the  six  vohvnies  of 
Heller's  "Arcliiv/* 

t  Su€mnic  Acid,  CJlfi^Rp. 

Historf/  atid  Occurrence, — Meissner  and  Shepard  ("  Uuteiu 
Hippurs/'  Hanover,  1866)  have  stated  that  they  found  succinic 
acid  in  normal  urine.  This  would  not  be  surprising  if,  t^^„ 
articles  of  food  containing  this  acid  were  eaten,  or  if,  as  is  stated 
by  Hilger,  asparagine  and  asparaginic  acid  were  decomposed  in 
the  body  so  as  to  reappear  as  anmionia  and  succinic  acid  in  the 
urine*  But  we  find  that  Knieriem  came  to  results  differing  from 
those  of  Hilger.  and  the  results  of  Meissner  and  Shepard,  as  also 
those  of  Meissner  and  Koch  ("'  Zeitschr.  ration.  Med."  24,  97, 
and  264),  and  Meissner  and  Joly  have  been  questioned  by 
E.  Salkowsky  (Pthiger  s  "iirchiv/*  4,  94),  who  could  not  iind 
succinic  acid  in  the  urine  of  a  dog  fed  during  30  days  upon 
borse*flesh  and  pigs*  lard,  by  a  method  which  allowed  the 
recovery  of  0'071  out  of  0088  gi^m.  succinic  acid  added  to  a 
certain  quantity  of  urine. 

Mode  of  h*€mrhin/j/or  Sitcciiik  Acicl  in  Urine. — The  urine  (of 
dogs)  is  precipitated  with  baryta,  the  excess  of  the  latter  removed 
by  sulphuric  acid,  the  rest  of  the  alkalinity  is  neutralised  by 
hydrochloric  acid,  and  the  liquid  evaporated.  The  concentrated 
solution  is  acidified  with  sulphuric  acid  and  extracted  with  ether. 
The  latter  is  distilled  off;  if  in  the  residue  no  crystallisation  of 
succinic  acid  takes  place,  it  is  wanned  with  very  dilute  nitric 
acid.  The  acid,  if  present,  then  crystallises,  and  is  purified  by 
pressing  between  paper,  and  recrystalhsation  from  alcohol  con- 
taining ether. 

Phtjskal  and  Chemical  Properties. — The  acid  sublimates  at 
120''  to  130^  without  fusing.  For  fusion  rapid  heating  to  180"'  to 
182"'  in  a  narrow  space  is  required.  With  neutral  lead  acetate  it 
gives  a  precipitate,  soluble  in  excess  of  the  acetate,  but  falling 
out  as  a  crystalline  powder  on  wanning  and  shaking.  The  solu- 
tion of  succinic  acid,  when  neutimlised  with  ammonia,  and  mixed 
with  barytic  chloride  and  spirit  of  wine,  produces  a  precipitate  ol 
barytic  succinate.  The  solution  of  succinic  acid,  boiled  with 
excess  of  magnesia  carbonate  and  filtered,  gives,  on  the  addition 
of  some  neutral  ferric  chloride,  a  voluminous,  brown  precipitate 
of  fei  ric  succinate.  The  ferric  succinate,  after  %vashiug,  decom- 
posed by  excess  of  ammonia,  filtered,  and  evaporated  to  neutrality, 
gives  with  silver  solution  a  white  precipitate  of  argentic  succinate. 
The  latter  salt,  decomposed  by  hydrothion,  gives  pure  succinic 
acid. 

Fhjdologiml   Relaii/^ns.-^When  a  man   takes  succinate    of 
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sodumi  (2U  grin,}  at  night,  lie  generally  passes  nearly  half  tliip 
amount  of  this  salt  with  his  urine  daring  the  next  twenty-fmir 
hours.  The  rest  is  oxydised  and,  as  carbonate,  imparts  to  the 
urine  a  strongly  alkaline  reaction,  and  the  faculty  of  effervescing 
with  acids. 

2.  Tartaric  Acid,  C^H^O^, 

This  acid  o€curs  in  grapes  and  wines  in  the  form  of  acid 

potassium  salt  (tartar). 

When  a  dog  is  made  to  eat  two  drachms  of  powdered  tartaric 
acid,  mixed  with  bread  and  meat,  and  the  urine,  which  is  more 
than  usuLiUy  acid  but  contains  no  albumen,  is  collected  during 
from  three  to  six  hours  afterwards,  it  will  on  cooling  deposit  a 
number  of  small  white  crystals,  similar  to  calcic  oxalate.  By 
addition  to  the  urine  of  some  calcic  nitrate  another  quantity  of 
the  same  precipitate  is  obtained,  which  together  with  the  first 
one  amounts  to  about  one-quarter  of  the  weight  of  the  acidgivea 
On  exposure  to  red  heat  the  precipitate  evolves  the  peculiar 
odour  of  burning  tartrates,  aud  leaves  a  residue  of  calcic 
carbonate  mixed  with  some  charcoal.  Tartrate  and  bitartrate  of 
potassium,  tartrate  of  potassium  aud  boracic  acid,  tartrate  of 
potassium  and  sodium,  or  Seignette  salt,  when  taken  in  doaes 
from  one  to  three  drachms,  make  the  urine  alkaline.  When 
cream  of  tartar  has  been  taken,  the  urine  contains  no  tartaric 
acid  while  it  is  alkaline,  but  on  again  becoming  acid,  the 
acid  can  easily  be  detected  by  adding  to  the  urine  some 
calcium  nitrate,  which  will  cause  a  precipitate  of  calcium 
I  tartrate  to  be  recognised  as  a  tartrate  by  the  peculiar  odour  on 
burning. 

Mode  of  Ohtaimiuj  Tartaric  Acid  from  the  ffumn^i  Urine  ajUr 
its  In/jfcMton  into  the  Stmnack— The  urine  is  treated  with  chloride 
of  calcium  and  ammonia,  and  the  precipitate  formed  hereby 
quickly  removed  by  filtration.  It  consists  of  phosphate  of 
calcium,  and  does  not  contain  any  taitrate.  The  filtrate  is 
evaporated  to  ^th  or  y^th  of  its  bulk,  and  put  aside  for  six  or 
eight  days.  The  precipitate  which  has  formed  after  the  lapse  of 
that  time  is  separated  by  filtration,  washed,  dissolved  in  dilute 
liydrochloric  acid,  which  leaves  the  greater  purt  of  the  sulphate 
of  calciimi  undissolved ;  the  solution  is  next  neutralised  with 
araniouia  and  acididated  with  acetic  acid  until  the  precipitate 
produced  by  the  ammonia  has  disappeared.  After  the  lapse  of 
six  or  eight  days,  the  tartrate  of  calcium,  which  is  very  little 
soluble  in  acetic  acid,  has  crystallised  in  large  and  small  crystals. 
They  are  dried  at  100^  and  weighed  In  this  manner  about  ^j^ 
of  the  tartaric  acid  contained  in  or  added  to  any  urine  can  Ije 
actually  recovered* 

Buchhcini  and  Piotrowsky  made  a  number  of  experiments  willi 
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free  tartaric  acid,  and  neutral  tartrates,  and  double  salts,  the 
results  of  which  are  exhibited  in  the  following  table : — 


1 

Form  in  which  the  acid              No.  of 
was  taken.                    Experiment. 

Orm.  of  acid 
taken. 

Percentage  of 

Acid  found  in 

Urine. 

/• 

I. 

19-6 

1-78 

II. 

20-0 

1-83 

III. 

30-0 

3-79 

■  C,H.O,        .... 

IV. 
V. 

30-0 
10-0 

3-27 
1-47 

VI. 

10-0 

2-86 

• 

VII. 

6-0 

1-89 

1                                                                                           V 

VIII. 

2-0 

•  •  • 

jC,H.KO,     ... 

IX. 
X. 

36-0 

47-82 

100 
185 

j                            r 

XI. 

19-88 

1-63 

CH^K^O,     .        ...  J 

XII. 

19-88 

1-69 

'                                          I 

XIII. 

29-81 

1-63 

r 

XIV. 

23-90 

3-32 

C4H^KNaO.+4H,0     .  J 

XV. 

23-90 

4-68 

I 

XVI. 

31-87 

6-14 

Of  the  salt  with  potassium  and  sodium,  a  larger  percentage 
apears  in  the  urine. 

Of  tartaric  acid,  a  much  smaller  percentage  reappears  in  urine 
than  of  oxalic  acid. 

These  authors  also  made  an  experiment  with  tartrate  of  iron 
and  potassium,  of  which  10  grm,  were  taken  in  one  dose.  The 
strongly  acid  urine  contained  no  tartaric  acid,  and  no  increased 
amount  of  iron  in  its  ash.  The  whole  of  the  iron  seemed  to  pass 
away  in  the  soft,  blackish-green  faeces. 

Tartrate  of  suboxyde  of  nickel  and  potassium  when  given  to 
dogs  passes  in  part  into  their  urine,  and  can  be  shown  to  be 
present  by  ammonia  sulphide.  When  a  human  being  takes  a 
dilute  solution  of  this  bslH,  so  as  to  introduce  about  1  grm.  of 
metallic  nickel  into  his  body,  the  urine  only  contains  traces  of 
nickel  for  a  short  time,  and  no  tartaric  acid.  The  nickel  passes 
away  on  the  second  and  third  day  in  the  faeces  as  dark  brown 
sulphide. 

3.  Gallic  Add,  CyH^Og  +  HjO. 

When  gallic  acid  is  taken  internally,  a  portion  at  all  events 
appears  in  the  urine  imchanged.  No  experiments  have  as  yet 
been  made  regarding  the  quantity  which  is  again  excreted.  A 
small  part  seems  to  be  transformed  into  pyro^dlic  acid.  When 
to  a  dog  pure  tannic  acid,  in  doses  gradually  increasing  from  0'5 
to  6*0  grm.  is  given,  the  animal  remains  well,  but  the  faeces 
gradually  cease  to  be  discharged,  though  the  appetite  remains 
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the  same.  The  urine,  in  the  beginning  of  the  experiment, ahiwi 
the  normal  yellow  colour,  which,  however,  gradually  changes 
into  a  dark,  lastly  tnfceosely  brown  colour,  uutil  at  last  it  becomes 
brownish-black,  and  impervious  to  transmitted  light. 

The  brown  urine  yields  a  blackish-blue  precipitate  with  salts 
of  oxyde  of  iron,  but  no  precipitate  is  produced  in  it  by  a  solution 
of  gelatine.  Tannic  acid>  consequently,  in  its  transit  through 
the  body,  has  become  transmuted  into  gallic  acid 

Salts  of  the  suboxyde  of  iron  produce  a  hUiish -black  precipitate 
in  the  urine,  indicating  the  presence  of  pyrogallic  acid.  As  this 
acid,  in  presence  of  ammonia,  is  easily  transformed  into  humine- 
like  bodies,  it  is  reasonable  t<>  explain  the  black  colour  of  the 
urine  by  the  further  decomposition  of  the  pyrogallic  acid,  for 
which  the  ammoniacal  condition  of  the  uriue  aflbrds  the  oppor- 
tunity. The  dark  colour  and  peculiar  reactions  of  the  mane  con- 
tinue  for  two  days  after  tannic  acid  has  ceased  to  be  administered. 

By  the  action  of  acids,  alkalies,  or  ferments,  tannic  acid,  taking 
up  water,  is  transformed  into  gallic  acid.  Tannic  acid  is,  accord- 
ing to  Schiff  ("Ann.  Chem/'  170,(1873)  43,  and  175  (1875), 
165),  the  ethereal  anhydride  of  gallic  acid,  or  it  is  digallic  acid 
in  which  one  molecule  of  gallic  acid  has  the  function  of  an 
alcohol,  the  other  that  of  an  acid.  It  is  therefore  transformed 
into  gallic  acid  only  by  alkalies,  acids,  and  ferments.  Inversely, 
gallic  acid,  when  boiled  with  ten  per  cent,  of  arsenic  acid  iu 
watery  solution,  is  entirely  transfonned  into  tannic  acid — 

The  arsenic  acid  undergoes  no  change  in  this  process,  and 
effects  what  used  to  be  called  a  mere  contact  action.  The  formula 
formerly  given  by  some  chemists  of  tannic  acid  as  a  glucoside  of 
gallic  acid  is  not  correct  The  tannine  so*called,  which  on 
chemolysis  yields  more  or  less  sugar,  is  really  tannic  acid,  mixed 
with  varying  i|uantities  of  a  glucoside  which  may  be  that  of 
digallic  acid 

4.    Tnhiric  Acid,  C,  JIjiNO^. 

This  acid  was  discovered  and  its  formation  synthetically 
explained  by  Kraut  C'Ann.  Chem."  98,  360).  Toluylic  acid, 
when  taken  in  doses  of  several  grammes,  imparts  to  the  urine 
which  is  voided  afterwards  a  strongly  acid  reaction.  It  is  evapor- 
&X^i\  to  the  consistence  of  a  syrup,  and  extracted  with  alcohol. 
The  extract  is  treated  wixh  oxalic  acid,  and  again  evaporated,  and 
the  residue  extracted  with  ether  containing  some  alcohol  This 
leaves  on  evaporation  a  yellowish,  crystalline  mass,  mixed  with 
oxalic  acid.  It  is  boiled  with  calcic  carbonate  when  from  the 
filtrate  calcic  tolurate  crystallises.  This,  after  repeated  cr^^stalli- 
eation^  and  decomposition  with  dilute  warm  hydrochloric  acid, 
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yields,  on  the  fluid  cooling,  crystallised  (ohiric  (wid  which^  aftei- 
recrystallisation  from  boiling  water,  is  obtained  pure  in  crystalline 
colourless  plates.  The  solution  in  alcohol  on  spontaneous 
evaporation  deposits  large  rhombic  crystals.  It  forms  salts  with 
baryta,  and  oxyde  of  silver,  and  the  alkalies,  which  are  more 
soluble  in  hot  than  cold  water.  In  cold,  fuming,  hydrocldoric 
acid,  toluric  acid  is  soluble.  If  the  solution,  after  short  ebullition, 
is  allowed  to  cool,  toluric  acid  crystallises  from  it  unchanged. 
But  when  this  solution  is  boiled  during  several  hours,  the 
hydrochloric  acid  being  replaced  as  it  evaporates,  and  is  lastly 
evaporated  to  dryness,  a  residue  remains,  which  may  be  separated 
in  two  by  treatment  with  water*  This  fluid  leaves  an  amorphous 
substance  undissolved,  which  may  be  recognised  as  toluylic  acid, 
and  transformed  into  the  silver  salt;  the  solution,  after  saturation 
with  ammonia,  evaporation,  and  addition  of  alcohol,  leaves  a 
precipitate,  which  is  glykokoll.  It  may  be  identified  by  its 
property  of  dissolving  oxyde  of  copper  in  watery  solution,  in 
which  alcohol  produces  a  precipitate  of  copper  glykokoll. 

Toluylic  acid,   therefore,  like   benzoic  acid,  combines  with 
glykokoll  in  the  animal  economy,  water  being  eliminated* 


Toluylic  acid.    Glvcocoll. 


Toluric  acid. 


The  third  acid  of  the  beujsoic  series,  cumiuic  acid,  does  not 
exhibit  this  copulative  property, 

5.  Salicyluric  Acid,  CgH^NO^, 

This  acid  was  discovered  by  Bertagnini. 

When  about  6  gnn,  of  salicylic  acid  in  hourly  doses  of  0*25 
grm,  are  taken  internally  there  is  no  inconvenience  attending  the 
experiment  on  the  first  day  ;  on  the  second  day,  however,  noises 
in  the  ear  and  narcotic  depression  affect  the  experimentalist. 
Already  an  hour  after  the  ingestion  of  the  first  dose,  the  urine 
gives  a  violet  reaction  on  the  addition  of  salts  of  iron,  a 
peculiarity  which  continues  during  the  entire  dumtiou  of  the 
experiment,  and  is  yet  present,  though  faintly,  for  forty-eight 
hours  after  the  last  ingestion  of  salicylic  acid.  The  acid  urine  is 
evaporated  down  to  a  small  bulk,  and  put  aside  for  crystallisation 
of  the  salts.  The  decanted  liquid  is  strongly  acidified  with 
hydrochloric  acid,  and  repeatedly  digested  with  ether.  The 
ethereal  solutions,  on  evaporation,  leave  a  strongly  acid  fluid, 
which,  on  further  evaporation,  deposits  crystals.  These  are 
purified  by  pressing  between  paper,  recrystallisation,  and  treat- 
ment with  animal  charcoal.  The  substance  so  obtained  is  a 
mixture  of  small  needles,  and  large,  glistening,  needle-shaped 
crystals  j  the  former  are  salicylic,  the  latter  salicyluric  acid.     It 
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dissolves  ill  warm  hydrochloric  acid,  and  on  cooling  crystallises 
from  the  solution.  By  protracted  boiling  of  this  solution  in 
hydrochloric  acid,  it  is  decomposed,  and  from  the  mixture,  after 
neutralisation  of  the  hydrochloric  acid  by  means  of  calcic 
carbonate,  ether  extracts  salicylic  acid.  In  solution  thero 
remains  glykokolL  This  decomposition  shows  that  the  formation 
of  salicyluric  acid  in  the  body  takea  place  according  to  the 
equation— 

From  its  solution  in  hot  water,  salicyUidc  acid  crystallises  in 
concentric  groups  of  thin,  glistening  needles*  It  has  a  bitter 
taste  and  a  strongly  acid  reaction^  It  is  easily  soluble  in  boiling, 
little  soluble  in  cold  water,  easily  soluble  in  alcohol,  less  in 
etlier.  These  solutions  impart  a  %iolet  colour  to  salts  of  oxyde 
of  iron,  which  colour  disappears  under  the  influence  of  con- 
centrated acids.  It  fuses  at  160^  without  loss  of  weight,  and,  on 
cooling;  solidifies  into  an  indistinctly  crystalline  mass.  Towards 
170''  it  begins  to  get  brown,  and  is  decomposed,  salicylic  acid 
being  volatilised.  If  heated  rapidly,  it  swells  up,  evolves 
ammonia,  and  leaves  charcoal,  which  is  combustible  without 
leaving  any  residue. 

When  to  a  boiling  solution  of  the  acid  in  water  calcic  or 
barytic  carbonate  is  added,  an  evolution  of  carbonic  acid  takes 
place,  and  the  solution  contains  a  salt  of  the  acid  with  the 
respective  metal.  Tliese  salts  are  little  soluble  in  cold  water. 
There  is  also  an  insoluble  calcium  salt  obtained  by  the  addition 
of  small  portions  of  milk  of  lime  to  a  hot  solution  of  the  acid, 
until  the  mixture  solidilies  to  a  mass  of  glistening  scales, 

6.  Salict/lmts  Add,  C^H^O. 

It  is  a  colourless  oil,  crystallising  at  20°,  and  boiling  at  196*  5. 
It  has  an  agreeable  odour  and  burning  taste,  is  easily  soluble  in 
water,  soluble  in  every  proportion  in  alcohol  and  ether ;  it 
reddens  litmus,  and  its  watery  solution  gives  with  ferric  chloride 
a  violet,  with  caustic  potash  a  yellow  coloration.  It  reappears  in 
the  urine  unchanged,  and  may  he  extracted  from  its  concentrated 
residue  by  ether. 

7.  Mcconic  Acid,  C^H^O.  +  SH^O. 

It  is  one  of  the  principal  ingredients  of  opium.  It  crystallises 
in  white  scales,  which  lose  their  water  of  crystallisation  at  100'" 
It  is  soluble  in  four  parts  of  boiling  water,  much  more  soluble  ^ 
in  alcohol.  Very  small  quantities  of  meconic  acid,  or  of  its  salts, 
yield  a  red  coloration  with  ferric  salts,  which  is  not  destroyed  by 
feeble  or  dilute  acids,  but  resolved  by  hypochlorites.  The  reac- 
tion which  aulpho-cyanides  give  with  ferric  salts  is  very  similar 
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to  that  of  nieconic  acid,  but  is  destroyed  by  gold  chloride,  which 
does  not  affect  the  reactioa  of  meconic  acid. 

It  has  been  asserted  that  meconic  acid  reappears  in  the  urine 
after  having  been  taken  in  opium.  But  the  proof  has  not  been 
furnished,  and  is  now  required  all  the  more  stringently,  since  we 
know  that  the  red  reaction  of  urine  with  ferric  salts  may  be  due 
to  acetic,  formic,  and  kryptophanic  acid. 

8.  Camphoric  Add,  Ci^HigO^. 

Experiments  with  this  acid  were  made  by  Bertagnini  ("  Ann. 
Chem."  97,  248). 

12  grm.  of  this  acid  in  doses  of  about  0*5  grm.  distributed  over 
two  days  may  be  taken  without  inconvenience.  The  urine  which 
is  passed  during  that  time  is  strongly  acid,  and  contains 
unchanged  camphoric  acid.  It  is  condensed  to  one-third  of  its 
original  volume,  and,  after  addition  of  hydrochloric  €u;id,  a 
crystalline  deposit  ensues.  When  the  mother-liquor  is  shaken 
with  ether,  the  latter,  after  evaporation,  deposits  another  quantity 
of  brown  crystals.  These  are  treated  with  milk  of  lime,  whereby 
a  soluble  lime  salt  is  obtained,  which  is  decomposed  by  hydro- 
chloric acid,  whereupon  a  white  crystallised  substance  is  obtained, 
having  all  the  properties  and  the  composition  of  camphoric  acid. 
It  forms  small  rhombic  prisms,  without  smell,  of  feebly  acid 
taste,  fusing  at  62°  5,  and  again  crystallising  on  cooling,  sublim- 
ing at  a  higher  temperature,  and  yielding  its  anhydride  and 
water. 

9.  Anisic  Acid,  CgHgOy 

Experiments  were  made  with  this  acid  by  Bertagnini. 

When  about  6  grm.  of  anisic  acid  are  taken  in  the  course  of 
two  days,  a  sensation  of  weight  in  the  stomach  is  experienced. 
The  urine  has  a  strongly  acid  reaction,  and  after  evaporation, 
addition  of  hydrochloric  acid,  and  extraction  with  ether,  anisic 
acid  is  obtained  fiom  the  latter  by  evaporation. 

According  to  Schultzen  and  Graebe,  however,  anisic  acid  com- 
bines in  the  body  with  glykokoll,  and  appears  in  the  urine  as 
anisuric  acid. 

Anisic  acid  crystallises  from  boiling  water  in  needles,  fuses  at 
175°,  and  sublimes  between  that  temperature  and  280°,  at  which 
latter  it  boils.  In  absence  of  characteristic  reactions  its  identity 
has  to  be  established  by  elementary  analysis. 

10.  Cuminic  Acid,  C^JS.^fi^' 

The  bearing  of  this  acid  in  the  animal  body  was  examined  by 
Kletzinsky  (Heller's  '*  Archiv."  6, 95),  Hofmann,  and  Kraut. 

When  this  acid  or  anv  of  its  salts  is  taken  internally  it 
reappears  unchanged  in  the  urine,  and  can  be  extracted  by  the 
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process  above  described  for  camphoric  acid.  Curainic  acid  forms 
white  plates,  which  fuse  at  US'",  sublime  in  long  needles,  boil 
above  250'' ;  it  floats  as  an  oil  on  boiling  water,  is  almost  insolu- 
ble in  cold,  more  soluble  in  hot  water,  easily  soluble  in  alcohol 
and  ether. 

11.  Abietinic  Acid. 

This  acid,  when  taken  into  the  stomach,  is  said  to  reappear  in 
the  urine.  It  is  also  stated  that  oil  of  turpentine  and  copaiba 
balsam,  when  taken  internally,  appear,  at  least  in  part,  as 
abietinic  acid  in  the  urine. 

12.   VarioKS  Acids, 

Benzoic  acid,  benzoic  ether,  oil  of  bitter  almonds,  cinnamic 
acid  and  chinic  acid  yield  hippuric  acid  (s-v.).  Mandelic  acid  is 
said  to  combine  with  glykokoll,  and  appear  as  mandeluric  acid ; 
nitrobenzoic  becomes  nitrohippuric  acid.  Citric  and  malic  acid 
and  their  salts,  when  swallowed  even  in  large  doses,  do  not 
reappear  in  the  urine. 


CHAPTER  LXVIL 

UROPHANIC  ORGANIC  BASES  AKD  INDIFFERENT 
BODIES. 


INTRODUCTORY   REMARKS. 


Quinine  and  quinidiue. 
Strychnine. 
Morphine. 
Veratrine. 


Cabebine. 
Santonine. 
Salicine. 
Acetamide. 


The  substances  here  to  be  considered  may  be  innocuous  matters, 
or  medicines,  or  poisons.  In  respect  of  these  two  latter  classes, 
the  analysis  of  the  urine  becomes  of  peculiar  importance  as  a 
key  to  the  knowledge  of  the  mode  of  action  of  medicines^in  the 
system,  or  as  a  guide  to  the  discovery  of  the  nature  of  a  poison, 
under  the  influence  of  which  an  individual  is  labouring,  or  has 
died.  Thus  the  analysis  of  the  urine  may  lead  to  the  prevention 
or  discovery  of  crime.  The  merest  medicinal  dose  of  strychnia 
administered  in  any  form  makes  its  appearance  in  the  urine. 
Thus,  to  the  watchful  medical  practitioner,  a  source  of  informa- 
tion is  afiTorded  in  cases  where  the  ordinary  symptomatology 
leaves  him  in  uncertainty  and  doubt 

Quinine  and  Quinidine.  C^^^i^fi^ 

When  quinine  or  quinidine,  or  both,  are  taken  internally,  a 
small  portion  escapes  from  the  body  by  the  kidneys  in  an 
unaltered  state.  To  extract  these  alkaloids  the  following  process 
of  Herapath  ("  Quart  Joum.  Microsc.  Soc."  Nr.  5,  October  1858, 
p.  13)  may  be  used : — 

The  urine  is  treated  with  caustic  potash  until  decidedly 
alkaline ;  it  is  then  repeatedly  agitated  with  ether;  the  ethereal 
solutions  are  isolated  and  distiUed  from  a  flask.  The  residue 
contains  a  portion  of  the  bases.  Another  portion  remains  in 
the  magma  of  phosphates  which  floats  below  the  ether,  before 
decantation,  above  the  urine ;  this  is  also  removed,  evaporated 
to  dryness,  and  extracted  with  ether.    The  residue  is  added  to 
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the  first  one.     The  imited  extracts  are  now  tested  for  quinine  a3 

i'ollows : — 

Test  Fluid, 

To  a  mixture  of  tlii'ee  dmcbins  of  pure  acetic  acid  with  one 
drachm  of  aluoUol,  six  drops  of  diluted  sulphuric  acid  (one  acid 
to  nine  water)  are  added. 

One  drop  of  this  test  fluid  is  placed  on  a  glass  slide,  and  a 
minute  particle  of  the  alkaloid  added  ;  time  given  for  resolution 
to  take  place  ;  then,  upon  the  tip  of  a  very  fine  glass  rod,  a 
very  minute  drop  of  tincture  of  iodiue  added :  if  quinine  be 
present,  the  first  efl'ect  is  the  production  of  the  yellow  or 
cinnamon-brown  coloured  compound  of  iodine  and  quinine, 
winch  shows  itaelf  as  a  small  circular  spot,  whilst  the  alcohol 
separates  in  little  drops,  which,  by  a  sort  of  repulsive  movement, 
drive  the  fluid  away ;  after  a  time  the  acid  liiiuid  again  flows 
over  the  spot,  and  the  polarising  crystals  of  sulphate  of  iodo- 
quiiiiue  are  slowly  produced  in  beautiful  rosettes  j  this  experi- 
ment succeeds  heat  without  the  aid  of  heat. 

To  render  these  crystals  evident,  it  merely  remains  to  bring 
the  glass  slide  upon  the  field  of  the  microscope  (liaving  half-inch 
objective  and  lowest  power  eye-piece),  with  the  selenite  stage 
and  single  tourmaline  beucath  it :  instantly  the  crystals  assume 
tlie  two  complementary  colours  of  the  stage  j  red  and  green, 
supposing  the  piuk  stage  is  employed,  or  blue  and  yellow,  pro- 
vided that  the  blue  selenite  is  made  use  of — all  those  crystals  at 
right  angles  to  the  plane  of  the  tourmaline  producing  that  tint 
which  an  analysing  plate  of  tourmahne  woidd  pi-oduce  when  at 
right  angles  to  the  polarising  plate ;  whilst  tliose  at  90''  to  these, 
educe  the  complementary  tint,  in  the  same  inaimer  as  the 
analysing  plate  %vould  have  done  if  it  had  been  revolved  through 
an  arch  of  90". 

These  crystals  are  then  proved  to  be  the  sulphate  of  iodo- 
<iuinine,  and  to  have  the  compoeition — 

To  test  for  qninidine  it  is  merely  necessary  to  allow  the  drop 
of  acid  solution  to  evaporate  spontaneously  to  dryness  upon  the 
glass  slide  (liefore  and  withont  the  addition  of  iodine),  and  to 
examine  the  crystalline  mass  by  two  tourmalines  crossed  at  right 
angles,  and  without  tlie  selenite  stage  ;  immediately  little  circu- 
lar disks  of  white,  with  a  well-defined  black  cross  very  vividly 
shown,  start  into  existence,  should  cfuinidine  be  present  even  in 
nunute  quantities.  When  largo  doses  of  quinine  and  quinidine 
sulphate,  up  to  3  gnn.  in  24  hours,  are  taken,  about  one  quarter 
reappears  in  the  urine.  The  other  three  quarters  are  assimilated 
or  destroyed  by  the  body  during  their  transiL 
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Quinine  can  also  be  shown  to  be  present  in  urine  by  means 
of  its  blue  fluorescent  action  on  electrical  light.  As  the  presence 
of  chlorine  prevents  the  action,  it  has  to  be  removed  by  mercurous 
nitrate  added  to  the  urine.  But  the  very  delicacy  of  the  test, 
and  the  possible  presence  of  the  animal  quinoidine  of  Dupr6 
and  Bence  Jones,  make  fluorescence  experiments  on  urine  of 
little  or  no  practical  value. 

Strychnine,  CgjHggNjOj. 

Strychnine,  when  introduced  into  the  animal  economy  in  any 
notable  quantity,  per  example,  in  the  ordinary  medical  doses  at 
from  one-tenth  to  one-twentieth  of  a  grain,  repeated  at  intervals, 
reappears  in  the  urine. 

The  diagnostic  properties  of  strychnine  are,  its  bitter  taste, 
even  in  extremely  dilute  solutions,  and  the  violet  and  blue,  or 
purple  reaction,  under  the  influence  of  bichromate  of  potash,  and 
sulphuric  acid.  It  is  little  soluble  in  water,  alcohol,  or  ether, 
more  soluble  in  boiling  alcohol,  and  crystallises  from  this  solu- 
tion on  cooling.  Its  acid  salts,  however,  are  easily  soluble  in 
water  and  alcohol,  and  may  by  means  of  these  agents  be  extracted 
from  organic  substances.  The  residue  of  this  extraction  by  water 
and  alcohol,  containing  the  acid  salts,  having  been  made  alkaline 
by  caustic  potash,  yields  all  its  strychnine  to  chloroform,  which, 
alter  evaporation,  leaves  it  more  or  less  pure. 

Mode  of  Extracting  Strychnine  from  Urine, 

In  order  to  obtain  strychnine  from  urine,  it  is  necessary  to 
evaporate  this  fluid  to  the  consistence  of  a  thin  syrup,  to  make 
it  strongly  alkaline  by  caustic  potash,  and  to  shake  it  with  large 
and  repeated  quantities  of  chlorofonn.  The  chloroform  solution 
is  distilled,  and  the  residue  treated  with  concentrated  sulphuric 
acid  on  the  water-bath.  After  several  hours'  digestion  the  acid 
is  neutralised  by  carbonate,  of  sodium,  the  fluid  is  then  made 
alkaline,  and  again  extracted  with  chloroform,  which  after  eva- 
poration will  leave  strychnine,  to  be  tested  by  the  taste,  and  by 
the  reaction  with  bichromate  of  potash  and  sulphuric  acid.  This 
latter  reaction  is  best  eflTected  in  the  following  manner : — The 
solution  in  water  of  the  supposed  alkaloid  is  placed  in  a  small 
porcelain  dish,  and  after  evaporation  to  dryness,  at  a  low  temper- 
ature, is  dissolved  in  a  drop  or  several  drops  of  sulphuric  acid. 
This  solution  is  now  spniad  over  the  space  of  about  a  fourpenny 
piece.  A  small  granule  of  bichromate  of  potassium  is  now 
dropped  into  the  solution.  On  moving  the  fluid,  by  giving  the 
porcelain  dish  different  inclinations,  violet  streaks  are  perceived 
to  flow  from  the  granule  of  bichromate,  and  on  moving  the 
crystal  to  and  fro  in  the  fluid,  by  means  of  a  glass  rod,  the  entire 
solution  soon  assumes  a  fine  purple  colour. 
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Oae  grain  of  a  solution  of  strychnine,  containing  one  forty- 
thousandth  part  of  a  grain  of  solid  strychnine,  yielded  this  teiat 
qnite  clearly.  Five  drops  of  the  same  solution  brought  upon  the 
tongue  had  a  decidedly  Litter  taste ;  on  some  occasions  two  or 
three  drops  would  periint  the  bitterness  to  be  recognised. 

Mcrphifie,  Ci^Hj^KO^. 

AccoT^ling  to  Dragendorl!  ('*  Pharm.  Zeitschr,  Russland/*  1868, 
Heft  4,  and  *'  Ermittl.  von  Giften;*  1868,  p.  295),  Bouchardat,  and 
I^fort,  moqjhia  passes  into  the  urine  in  considerable  quantity. 
It  can  be  extracted  by  shaking  the  alkaline  liquid  with  much 
aniylic  alcohol  The  residue  from  this  solution  may  be  tested  as 
ffjllows : — A  teat  lluid  is  umdu  containing  m  every  c.c.  a  millignn. 
of  aodic  molybdate  (Frcihde,  **  Arch.  f.  Pharm/'  176,  54).  This, 
in  contact  with  any  moi^jhia,  immediately  dissolves  it  with  a 
violet  colour  ;  the  mixture  then  becomes  green,  brownish-green, 
yellow  ;  after  24  hours  it  is  violet-blue.  Further,  a  small  quantity 
of  the  residue  supposed  to  contain  morphine,  ia  dissolved  in  con- 
centrated sulphuric  acid,  and  after  standing  during  from  15  to 
18  hours  (!1)  is  mixed  with  a  siuall  trace  of  coocentrated  nitric 
acid.  If  morphia  is  present,  the  mixture  becomos  violet-blue, 
l>lood-red,  and  then  deepomnga  Instead  of  letting  the  solution 
standi  it  may  be  heatetl  to  ISO**,  and  cooled  again  to  15^  before 
applying  nitric  acid  (Hnsemann). 

Veratrine,  CjjjHgg^gOg. 

Veretrine  passes  quickly  into  the  urine  of  poisoned  animals. 
Veratrine  j  Misses  from  an  acid  watery  solution  into  wai'm  amy  lie 
alcohol,  if  l»oth  liquids  m^  well  agitated  with  each  other.  From 
an  alkaline  liquid  veratrine  passes  at  SO'*  to  60°  into  petroleum 
ether  uud  iuto  ehlorofyiin.  With  pure  sulphuric  acid  veratrine 
gives  a  solution  which  passes  from  yellow  Uj  orange,  aud  be- 
comes carmine  within  half  au  hour  Heated  for  some  time  with 
concentrated  hydrochk^rie  acid,  a  trace  of  veratrine  assumes  a 
brutUiful  red  colour. 

Of  Theinc,  Caffeine,  Thcobroniine,  or  Aniline,  it  is  not  known 
whether  or  not,  in  the  original  or  an  altered  form,  they  appear 
in  the  urine. 

iUihi'him  is  excreted  by  the  urine  (Bernatzik). 

Santanine,  Ci^HjgOjj. 

When  santonine  is  admin iatei-ed  internally,  the  normal  urine 
does  not  appear  to  have  undergone  any  change  when  afterwards 

f massed.  If  the  urine  be,  however,  by  any  accident  alkaline,  it 
las  a  fine  red  colour.  In  the  acid  aud  unchanged  urine  passed 
after  the  ingestion  of  santonine,  this  red  colour  may  be  produced 
by  ammonia,  and  the  fixed  alkalies  and  earths,  also  by  the  car- 
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bonates,  tribasic  phosphates,  and  borates  of  the  alkalies.  The 
phosphates,  which  are  thereby  precipitated,  are  coloured  red  Iqt 
adhering  pigment.  U  this  alkaline  red  urine  is  left  to  stand,  it 
sooner  or  later  becomes  yellow  again,  and  the  red  colour  caimot 
again  be  produced  by  cither  acids  or  alkalies.  The  red  colour  of 
urine,  pi*oduced  in  common  acid  yeUow  urine  passed  after 
ingestion  of  santonine,  may  be  made  to  disappear  quickly  by 
shaking  with  oxygen  gas,  or  by  passing  ozone  through  it,  which 
latter  is  perfectly  absorbed  during  its  passage.  Santonine  may 
be  swallowed  in  doses  increased  gradually  from  one  half  to  three 
grains.  Fifteen  grains  have  besides  a  slight  diuretic,  no  other 
effect  Twenty  hours  after  ingestion,  the  last  traces  of  the 
urinary  pigment  produced  by  the  santonine  can  be  perceived  in 
the  urine. 
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CHAPTER  LXVIIL 

UROPHANIC  SPECIFIC  METAMORPHIC  PRODUCTS. 

(I.)  Products  of  Asparagus,  Asparaffifie,  ABjmniginic  Acid, 
(2.)  Products  of  the  Metamorphosis  of  ChloraL 


INFLUENCE  OF  ASPARAGUS  UPON  THE  URINE. 

IIiyiER  ("  Ann.  Chem/*  171  (1874),  208)  has  made  some  obser- 
vations ou  tills  aubject.     He  ate  during  three  days,  as  otdy  food, 
asparagus  with  oil  and  %iiiegar  and  a  little  bread,  and  drauki 
beer.     The  total  urine  collected  amounted  to  5100  cc.     Of  this  i 
.HOOO    c.c.    were   subjected    to    distillation,  but  although   the 
distillate  had  the  peculiar  odour  in  a  high  degree,  no  definitej 
body  ownintT  the  odour  could  be  isolated,  and  what  ^*a8  obtaiDe 
was  ammonia  amounting  to  6 '24  grui.     Another  500  cc,  treat 
with  soda  lime  in  the  coIJ,  gave  to  sulphuric  acid  of  knuwa^ 
strength  1'02  grm.  ammonia.    From  tliia  Hilger  ventured  to  con- 
clude that  the  ammonia  was  inci'eased  beyond  the  normal  by 
decomposition  of  asparagine  in  the  organism. 

The  urine,  and  the  I'esidues  from  the  distillation  contained  noi 
asparagine,  but  there  were  formed  relatively  large  quantitiea  of] 
succinic,  an  increased  quantity  of  hippuric,  and  some  benzoic 
acid.     The  succinic  acid,  as  well  as  the  ammonia,  Hilger  explains^ 
as  the  result  of  a  splitting  up  of  asparagine.     But  the  augmenta- 
tion of  the  other  acids  he  do€s  not  attempt  to  explain* 

Knieriem  ("Zeitschr.  f.  Biol/*  10  (1874).  263),  however,  in  a 
series  of  most  accurate  researches,  found  that  asparaginic  aci<I 
and  asparagine.  when  introduced  into  the  body  of  a  dog,  vrer 
transformed  into  ureii,     A  dog  of  7  kdo^.  weight  bore  doses 
asparagine  up  to  19  grm.  without  l>eing  inconvenienced  thereby,  1 
The  amount  of  urea  excreted  afterwanls  was  nearly  treble  tlie 
one  excreted  after  ordinary  diet 

Jh*odmtit  of  Ike  Mrianunjthjm^  of  Chloral, 

According  to  0.  Liebreich  chloral  hydrate  is  decomposed  in  I 
blood,  forming  chloroform  and  formic  acid.  But  it  has  repeatedly 
lieen  ottenjpted  without  0UCG663  to  extract  these  bodies  from  tin* 
blcMjd  or  the  expired  air      Kiilz  and  Boucliut  statcfl  that  they 
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had  found  chloroforra  in  urine  ;  nariimarsteii  tailed,  however>  in 
discovering  it.  Tomiis^evicz  could  tiixd  chloral^  but  no  chloroform. 
Mering  and  Musculds  (**  Ber.  Deutsch,  Cliem,  C»es/'  8,  662) 
examined  the  urine  of  individuals  who  had  taken  for  some  time 
every  evening  5  to  6  grai.  of  chloral  hydrate.  The  urine  was 
acid  and  reduced  copper  sohition.  hut  thi^^  reaction  was  not 
caused  by  sugar ;  chloroform  and  formic  acid  were  also  absent, 
but  the  presence  of  small  quantities  of  chloral  could  be  proved 
by  the  reaction  of  isocyan  phenyl.  The  urine  turned  the  polar- 
ised ray  to  the  left. 

Mode  of  Isoltitintj  tlie  Mektttwrphic  Product, 

The  urine  is  evaporated  to  a  syrupy  mixed  with  sulphuric  or 
hydrochloric  acid,  and  exhausted  with  ether  containing  some 
alcohol  The  ether  is  removed  by  distillatiou,  the  residue 
neutralised  with  potash,  evapomt^d,  taken  up  with  alcohol  of 
90  per  cent  tiltered,  precipitated  with  ether,  the  precipitate  is 
dissolved  in  water,  decolorised  with  auinial  charcoal,  and  concen- 
trated. The  potiish  salt  which  is  deposited  on  cooling  is  drieii 
over  sulphuric  acid,  and  washed  with  absolute  alcohol  until  it  is 
white.  To  isolate  the  acid  the  salt  is  dissolved  in  little  water, 
mixed  with  hydrochloric  acid,  shaken  with  a  mixture  of  2  vols. 
ether  with  1  voh  alcohol,  and  tittered.  To  the  filtrate  much 
ether  is  added  ;  the  mixture  is  allowed  to  stand  during  48  hours, 
decanted,  and  the  ether  is  distilled  oft\  To  the  residue  moist 
silver  oxyde  is  added,  to  remove  chlorine.  The  filtrate  is  treatetl 
with  hydrothion  to  remove  silver,  and  the  solution  evaporated 
to  crystallisation. 

The  new  acid  has  the  formula  CjH^gCLO^j.  This  has  not  been 
controlled  by  atomic  weight  determination.  It  crystallises  in 
colourless  silky  needles,  resembling  tyrosine,  is  soluble  in  water, 
alcohol,  alcohol-ether,  not  in  pure  ether,  reddens  litmus  and 
decomposes  carbonates-  It  reduces  copper  strongly,  and  turns 
the  polarised  ray  to  the  left.  Some  salts  crystallise*  It  ia 
possible  that  the  acid  is  formed  by  the  combination  of  chloral, 
or  of  some  part  of  it,  with  some  principle  of  the  body  at  preaont 
unknown. 


Barter   lxcx. 

vmonumc  sscmBjam  smBUBcn. 


^olalkAltiFii. 


ASflimC  AKD  AifTmOXY. 

Fsf  cMflu  wbere  ihmB  metals,  or  either  of  them,  ahaolcl  be  i 

in  ttrjiie  in  Any  eoiiiidenible  onantit^,  thej  would  be  precipitated* 

•A  ftiil|4iirUi«  by  a  ciirreiit  of  Iivdrothion  condaeted  thmugh  the 
«€idiftu<J  liquid,  IVut  mostly  their  cjoantitiea  «re  very  smaU,  not 
00  much  hecnum}  thoMo  poutoim  are  apahngly  eliminated  by  the 
klrliif?)!*,  an  b(H;«iuiin  (in  caaai  of  poisoDing)  the  uiine  containing 
ihii  lrir^ei«i  f»roi)ortiou  ia  moitly  not  to  be  oiiUiined. 

Whon  ihimG  nul>i»taQces  have  been  taken  by  or  lulnunistered  to 
any  ptimon,  ciUM^r  in  medicinal  doses,  or  by  accident  or  crimlual 
d<mi|4»i,  liiu  iirino  of  tho  jiutiont  voided  flome  time  atlerwardsj 
altiirmt  rdwnyn  cnntuiiiH  Honie  tirHunic  or  antimony,  »o  that  Orfila 
wiw  Imlnt^tHl  to  rueoniUH^iul  u  diuretic  treatment  in  cases  of 
|MiiHoiiiiig  by  eilljiir  of  ihime  mdmtanceij. 

Mrilwil  oj  Ohittininff  AtHvniv  and  Antimony  from  Urine  by  Copptr, 

Tbe  urine  m  i^viipnrHtt^l  to  a  mnall  bulk,  and  then  from  one- 
«i^ih  U\  oiifj-teventh  of  it«  volumo  of  puro  hydmchloric  acid  is 
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added  to  it.  It  is  boiled ;  and  while  boiliii;^,  a  small  piece  of 
thin  copper  foil  or  gauze,  kuowii  and  specially  ascertained  to  be  free 
from  arsenic,  freshly  brightened  by  rubbing  with  some  oxalic  or 
hydrochloric  acifl  and  paper,  is  introduced.  Sooner  or  later, 
according  to  the  quantity  present,  antimony,  or  arsenic,  or  lioth, 
are  deposited  on  the  copper,  producing  a  blackish-grey,  or  grey 
deposit,  with  a  reddish-violet  or  purple  tint  if  antimony  in  small 
qnantities  is  deposited:  but  an  iron  grey  or  black  tint  if  anti- 
mony in  large  quantities, or  arsenic,  are  deposited.  If  no  deposit 
is  obsened  at  firat,  the  whole  of  the  liquid  must  be  boiled  down 
on  the  copper,  before  the  inference  is  drawn  that  arsenic  or  anti- 
mony ai-e  absent.  If  the  copper  be  removed  without  any  metallic 
tarnish  or  deposit  upon  its  surface,  there  is  no  antimony  or  arsenic 
present  If  it  has  acquired  a  metallic  deposit,  then,  after  well 
washing,  and  drying  it,  the  following  steps  must  be  resorted  to 
in  oMer  to  determine  the  nature  of  the  metallic  coating. 

Dlag^nosis  of  Arsenic  mid  A^iimwny. 

The  copper  foil  is  placed  in  a  tube,  which  is  closed  at  one  end, 
and  heatecL  A  grey  or  dark  metallic  ring  deposited  at  the  cold 
part  of  the  glass  tube  consists  of  arsenic.  A  w^hite  sublimate 
deposited  beyond  the  black  ring,  and  seen  under  the  microscope 
to  consist  of  cubes  and  octahedra,  is  ai^enious  acid. 

Antimony  is  not  sublimed  under  these  circumstances. 

The  copper  foil  is  placed  into  a  concentrated  alkaline  solution 
of  hypochlorite  of  soda ;  the  nietallic  deposit  of  arsenic  is  imme- 
diately or  slowly  dissolved.  The  presence  of  small  c^uantities  of 
antimony  does  not  interfere  with  this  reaction,  any  further  than 
that  the  antimony  remains  undissolved. 

If  the  copper  foil,  after  having  undergone  the  above  tests,  still 
retains  a  metallic  coating,  it  is  boiled  in  a  weak  solution  of  potash, 
the  metal  being  partly  exposed  to  air  by  dmwing  it  out  of  the 
alkaline  liquid,  and  then  again  returning  it.  In  this  w^ay  the 
antimony  isoxydised  by  the  air  in  contact  with  an  alkaline  solu- 
tion, and  antimoniate  of  potash  is  formed.  In  about  five  or  ten 
minutes  the  copper  will  have  lost  the  deposit,  and  the  liquid 
may  then  be  liltered,  acidulated  with  hydrochloric  acid,  and 
treated  with  sulphui-etted  hydrogen.  Tlie  sulphide  of  antimony, 
of  its  characteristic  orange-red  colour,  is  thrown  down,  either 
immediately,  or  on  allowing  the  liquid  to  stand  for  a  short  time. 


LEAD. 


tl  Mciiwd  of  Ohtainirtff  Lead  from  Urim. 

It  is  neces&ar}'  to  employ  not  less  than  one  day's  mine  for 
this  operation,  which  is  the  more  likely  to  be  successful  the 
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The  urine,  after  being  made  alkaline  by  caustic  potash,  13 

mixed  with  two  per  cent  of  its  weight  of  nitrate  of  potassium, 
and  evaporated  to  dryness.  The  residue  is  now  transferred  into 
a  small  porcelain  capsule,  and  exposed  to  red  heat,  when  a  alow 
deflagration  destroys  the  whole  amount  of  organic  matter  present 
On  cooling  there  reraaioa  a  w^htte  slaky  mass,  not  adhering  to 
the  capsule,  and  containing  all  the  inorganic  fixed  ingredients 
of  the  urine,  together  with  the  lead  that  may  have  been  present 
This  slake  is  powdered  finely,  and  boiled  for  some  time  with  a 
half-saturated  solution  of  neutral  tartrate  of  ammonium,  to  which 
some  caustic  ammonia  has  been  added  The  decoction  is  freed 
from  the  residue  by  filtration ;  the  filtrate  contains  all  the  lead 
in  solution.  It  is  acidulated  by  means  of  hydrochloric  acid,  and 
a  current  of  sulphuretted  hydrogen  is  allowed  to  pass  through  it 
A  brown  discoloration,  or  a  black  precipitate,  inclicates  the  pre- 
sence of  a  poisonous  metal,  which  from  the  history  of  the  case 
may  be  supposed  to  be  lead.  The  precipitate  is  allowed  to 
deposit  for  twenty-four  hours,  washed  by  decantation,  redissolved 
in  warm  dilute  nitric  acid,  and  the  filtrate  from  the  precipitate 
of  sulphur,  after  neutralisation,  is  tested  by  means  of  chromate 
of  potassium  and  sulphuric  acid.  The  chromate  yielding  a  yellow, 
the  sulphuric  acid  a  white  precipitate,  excludes  any  doubt  as  to 
the  black  precipitate  having  been  sulphuret  of  lead. 

In  only  two  out  of  fourteen  cases  of  distinct  lead  poisoning 
examined  in  this  manner,  the  praseuce  in  the  urine  of  lead  can 
be  proved  by  the  latter  tests.  In  the  tw^elve  remaining,  the  pre- 
sence of  leatl  is  only  indicated  by  the  brownish  colour  produced  in 
the  acid  solution  by  hydrothion. 

MEIiCURY, 

The  urine  should  be  evaporated  to  diyness,  and  the  organic 
residue  destroyed  with  nitric  acid.  The  ash  w^hich  then  remains 
is  mixed  with  sodic  carbonate,  containing  a  little  potassic  di- 
chromate,  filled  into  a  combustiou  tube,  and  after  the  latter  has 
been  drawn  out  to  a  thin  tube  at  the  open  end,  ignited.  The 
mercury  is  expelled  and  collects  as  a  iilm  or  in  globules  in  the 
Hrst  part  of  the  drawn  out  tube ;  the  latter  must  be  kept  veiy  cool 
during  the  operation.  The  mercury  can  be  estimated  by  cutting 
out  the  part  containing  it,  and  weigliing  glass  and  mercury.  The 
mercury  may  then  be  removed  by  heating  the  piece  of  tube,  and 
weif^hing  it  again,  when  the  loss  will  be  equal  to  the  quantity  of 
mercurj'  volatilised.  Or  the  mercury  may  be  dissolved  by  nitric 
acid,  and  the  piece  of  tube  weighed  as  before.  The  nitric  acid 
solution  then  atlbrds  the  opportunity  of  identifying  the  siiblimate 
as  mercury. 

COPPER. 

The  urine  is  treated  on  the  water-bath  with  chlorate  of  potas- 
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Slum  and  fuming  hydrochloric  acid,  untU  the  organic  matters  and 
the  chlorate  are  entiitly  destroyed.  The  pale  yellowish  solution 
ia  now  made  alkaline  by  an  excess  of  auiraonia,  wheruby  its 
colour  changes  into  brown,  with  a  smoky  hue.  Any  precipitate 
that  may  ensue  is  removed  by  filtration.  The  tilt  rate  is  evapor- 
ated on  the  water-batli  to  perfect  dryness,  the  residue  moistened 
with  nitric  acid  of  15  sp.  gr*  and  exposed  to  red  heat  in 
a  porcelain  capsule.  The  ashes,  which  must  not  contain  any 
charcoal,  are  dissolved  in  hydrochloric  acid,  and  this  solution  is 
boiled  under  addition  of  little  nitric  acid,  in  order  to  ensure  the 
highest  possible  oxydation  of  the  metals,  iron  and  copper,  of 
which  the  foi  nier  is  always  present  in  urine.  This  acid  solution 
is  now  treated  with  excess  of  ammunia,  wherenpon  a  precipitate 
of  hydrated  oxyde  of  iron  falls  down,  which  must  be  removed  by 
filtration.  If  the  filtrate  has  a  bluish  colour,  and  after  being 
acidulated  with  acetic  acid,  yields  a  reddish,  turbidity  or  reddish- 
brown  precipitate  with  ferrocyanide  of  potassium,  the  presence 
of  copper  is  proved.  This  proof  may  be  further  strengthened  by 
acidulating  the  alkaline  solution  by  hydrochloric  acid,  and  con- 
ducting a  current  of  sulphuretted  hydrogen  tlirough  it;  o 
brownish  turbidity,  soluble  in  sulphuretted  ammonium,  with  a 
brown  colour,  is  indicative  of  copper.  Another  test  consists  in 
putting  a  piece  of  blank  iron  foil,  sun-ounded  by  a  spiml  wire  of 
platinum,  into  the  sohitiun»  acidulated  by  hydrocldoric  acid. 
After  several  hours  the  iron  is  covered  by  a  red  hue  if  copper 
is  pi-esent  in  the  solution. 

In  most  cases  of  poisoning  by  copper  compounds  this  metal 
can  be  found  in  the  urine  as  long  as  any  symptoms  remain  about 
the  patients.  When  the  symptoms  cease  the  copper  di'^appears 
from  the  urine,  but  continues  to  be  dischai-ged  with  the  faeces. 
The  faeces  of  healthy  persons  mostly  contain  some  copper ;  healthy 
urine,  however,  does  not  contain  any  traces  of  this  metal 

IODINE. 

Iodine  is  frequently  used  as  a  medicine,  and  its  effects  are  some- 
times  irregular,  though  it  has  been  given  with  a  due  regard  to 
experience.  It  is  necessary  to  ascertain  the  reasons  of  this  vari- 
able action;  and  for  this  purpose  the  analysis  of  the  urine  will 
best  serve.  For  one  of  the  principal  reasons  why  iodine  and  its 
preparations  are  borne  very  well  by  some,  and  have  injurious 
eftects  in  others,  is  the  varying  length  of  time  ret^uired  for  its 
removal  from  the  body.  It  has  been  found  that  when  several 
pei'sons  each  take  a  dose  of  10  grains  of  iodide  of  potassium, 
some  will  immediately  begin  to  excrete  it  in  their  urine,  w^hich 
after  the  lapse  of  twenty- four  hours  no  longer  contaius  any  trace 
of  the  iodide.  In  others,  however,  the  iodide  can  frequently  be 
found  even  after  the  lapse  of  three  days.     Supposing  the  daily 
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dose  of  10  gimns  to  Imve  been  administered  for  a  length  of  time 
to  these  two  cbsses  of  people,  tlie  first  class  would  most  probably 
never  have  at  one  time  more  than  10  grains  of  the  iodide  in 
their  body,  while  the  hitter  might  have  30  or  40  grains  in  their 
body  at  one  time.  Not  only,  therefore,  would  the  action  of  the 
drug  in  thejse  latter  cases  go  pamllel  to  the  quantity  present, 
but  also  it  would  last  mueh  longer ;  and  in  this  way  equal  doses 
at  equal  intervals  might  in  the  latter  eliiss  produce  four  times 
the  eflect  they  would  produce  in  the  tirst  class.  In  some  cases, 
therefore,  where  an  explanation  of  an  extraordinary  mode  of 
action  of  iodine  or  iodides  may  be  necessary  or  desirable,  the 
analysis  of  the  urine  will  be  the  chief  source  of  information  on 
this  point,  due  considemtion  being  given  to  other  excretionB,  by 
which  iodine  is  removed  from  the  economy. 

Mode  of  Esthnitt ing  tk^  Qmmtitt/  of  Iodine  in  Uritu:  hi/  WeujhU 

A  measured  quantity  of  urine  is  strongly  acidified  by  nitric 
acid,  and  the  chlorine  and  iodine  are  completely  precipitated  by 
silver  nitrate.  The  precipitate  is  washed,  dried,  and  weighed  in 
a  liebig*8  drj'ing  apparatus*  Chlorine  is  then  passed  through 
the  tube  over  the  precipitate,  until  the  weight  of  the  tube  is 
constimt  when  tilled  with  air.  All  the  iodine  is  then  driven 
out  and  substituted  by  chlorine.  From  the  difference  in  the 
weights  the  amount  of  iodine  origintdly  present  is  easily  cal- 
culated 

Votunietriml  A7iahjs:is  of  Iodine  in  the  Urine, 

A  very  dilute  solution  of  iodine  or  an  iodide  yields  all  the 
iodine  by  distillation  with  sulphuric  acid.  In  the  distillate,  the 
amount  of  iodine  is  determined  by  a  solution  of  aubchloride  of 
palladium  of  known  strength.  In  the  performance  of  this 
analysis  care  must  be  taken  never  to  have  an  exeiss  of  the  eolu- 
tion  of  iodine  mixed  with  tlic  solution  of  palladium,  as  in  that 
case  the  fluid  does  not  get  clear  verj' ^luickly,  mid  the  precipitiUc 
of  iodide  of  palladium  adheres  to  the  walla  uf  the  glass,  But 
when  the  solution  of  palladium  is  present  in  slight  excess  together 
with  a  little  hydrochloric  acid,  and  the  mixture  is  waimed  to 
from  60"  to  100',  and  agitated,  the  iodide  of  palladium,  after  a 
few  seconds,  separates  in  black  tiakes,  and  the  supernatant  fluid 
is  perfectly  cle-ar  and  colom*less.  In  performing  the  analysis, 
therefore,  to  a  known  volume  of  the  solution  of  palladium  of 
known  strength,  such  a  vtihmie  of  the  solution  of  iodine  to  be 
analysed  is  added,  as  is  just  sufficient  to  precipitate  the  entire  j 
amount  of  palladium  in  solution.  This  analysis  is  so  accurate 
that  ^J|th  milligrm.  of  iodine  may  be  determined  by  means  of 
the  palladium,  and  tttu.I  A?th  milligrm,  of  palladium  by  means  of 
ir*dina 
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Prrparation  of  Solntian  of  loclidc  of  Potassium  of  known  Strength, 

This  solution  is  to  be  so  graduated  that  every  part  of  it  con- 
taiiifl  xT^Tj^th  part  of  iodioe.  For  that  purpose  1  iSOTgrni.  of  dry 
iodide  of  potassium,  perfectly  free  fmm  iodate  of  potassium,  are 
dissolved  in  water,  and  the  solation  is  diluted  until  amounting 
to  one  litre.  1  ex,  of  this*  solution  contains  1  millignn.  of  iodine, 
as  1*307  grrn.  of  iodide  of  potassium  contain  1  grm,  of  iodine, 

i%lution  of  Sicbchhride  of  FaUadium  of  knotim  StrejigfL 

We  prepare  a  solution  of  palladium  of  tinknown  strength^  and 
graduate  it  by  means  of  the  solution  of  iodide  of  potassium  just 
described.  1  grm.  of  the  metal  is  dissolved  in  aqua  regia,  with 
the  aid  of  heat,  and  evaporated  to  dryness  on  the  water- bath. 
After  solution  of  the  residue  iu  50  c,c.  of  concentrated  hydro- 
chloric acid,  water  is  added  to  the  amount  of  about  2000  ex. 
The  exact  anioimt  of  palladium  contained  in  a  given  volume  is 
now  detennined  by  means  of  the  solution  of  iodide  of  potassium 
of  known  strength,  in  the  following  manner: — ^10  c.c.  of  the  solu- 
tion of  palladiuoi  to  l>e  graduated  are  put  into  a  flask  of  about 
200  c«c,  capacity.  The  flask  is  closed  by  a  cork  stopper,  and 
warmed  in  a  water-bath  to  near  boiling  heat.  From  a  burette 
the  graduated  solution  of  iodide  of  potassium  is  now  added,  the 
mixture  shaken,  and  wanned  again.  Four  minutes  will  suffice 
to  separate  the  mixture  into  a  precipitate,  wliicli  subsides  towards 
the  bottom  of  the  vessel,  and  a  clear  supernatant  fluid.  Of  the 
latter  two  portions  are  each  put  in  a  test-tube.  To  the  one 
portion  a  few  di*ops  of  the  solution  of  iodide  of  potassium  are 
added;  and,  by  comparison  viith  tlie  otlier  test-tube,  we  find 
whether  a  brownish  tint  Las  been  produced  by  the  iodide.  In 
case  a  brownish  precipitate  has  been  produced,  the  two  portions 
are  again  poured  back  to  the  main  bulk  of  fluid,  to  which  some 
more  solution  of  the  iodide  is  added  under  agitation,  and  warm- 
ing, and  so  on,  until  in  a  fresh  portion  of  the  clear  supernatant 
fluid  no  discoloration  is  produced  by  the  addition  of  the  iodide 
test  fluid.  At  this  stage  of  the  proceeding  the  iluid  is  separated 
from  the  pi'ecipitate  by  filtration  ;  and  if  a  sample  of  it  is  not 
tinted  brown  by  either  solution  of  palladium  or  iodine,  the  fluid 
does  not  contain  a  trace  of  excess  of  either  substance,  and  the 
analysis  is  completed.  From  the  equivalent  of  the  iodine  used 
the  amount  of  palladium  contained  in  the  10  c.c.  used  for  analysis 
may  be  found  by  calculation.  1  miUigrm.  of  iodine  is  equivalent 
to  0'42  milligrm.  of  palladium,  which  is  therefore  the  quantity 
indicated  by  every  cubic  centimetre  of  the  graduated  solution  of 
iodide  of  potassium. 

Supposing  the  10  c.c.  of  solution  of  chloride  of  palladium 
required  for  the  complete  precipitation  of  palladium  contained  in 
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ti»  11^  cc;  of  gimdoatod  aabtaoii  of  iodide  of  potaaEtooir  eo«i* 
taiaing  1I'9  nuBigna.  of  iodine^  tbeii  the  UDooni  of  palUdttUD 
eonlafned  in  die  10  ce.  of  soIatiOD  wm  ll'€xi>*42  milligrm,^ 
4*998  mniigmi*  The  atme  volume  of  soltitioii  of  patbdhtm 
would  Uierefore  reqniie  sneh  an  amount  of  solalioii  of  iodigie  of 
tfuJbunni  alreogth  as  would  exactly  conlatn  11-9  mill^gnn.  or 
iodine.  From  the  amoimt  thus  used  the  amount  of  iodino  eoo- 
tained  in  tbe  entire  bulk  of  flnid  is  asoeitained  by  calcolaiion. 

AppUeaiian  to  ike  Urine. 

100  c^.  or  more  of  nrine  are  mixed  with  20  cjc.  of  omoen- 
trated  attlphuiic  acid,  and  kept  in  a  cold  water-bath  dniing  the 
first  violent  evolution  of  beat  The  flask  containing  the  mixtore 
is  then  connected  with  a  Liebig's  cooler,  and  the  distillAtion  pro- 
ceeded with.  It  is  continued  until,  in  the  neck  of  the  flask, 
white  vapour*  of  sulphuric  acid  begin  to  appear.  It  however, 
tbe  urine  contains  only  a  very  small  amount  of  iodine,  any 
measured  quantity,  after  addition  of  an  excess  of  caustic  potash, 
may  be  concentrated  by  simple  eva(>oration  of  the  water,  and 
only  then  distilled  with  sulphuric  acid  in  the  manner  described 

The  diBttUate  thus  obtained  contains  bydriodic  acid,  all  volatile 
acids  of  tbe  urine,  with  carbonic,  sulphurous,  and  sulphuric  acids. 
The  sulphurous  acid  must  be  oxydised  before  tbe  fluid  can  be 
subjected  to  further  analysis.  This  is  effected  in  the  following 
manlier: — ^To  the  distillate  are  added  a  few  drops  of  solution 
of  starch  (made  of  1  part  of  starch,  ^tb  part  of  sulphuric 
acid,  and  24  parts  of  water),  and  after  that  a  saturated  solu- 
tion of  chloride  of  lime  in  drops,  until  the  fluid  just  begins  to 
get  blue.  The  blue  colour  is  then  again  made  to  disappear  by 
one  or  two  drops  of  a  dilute  solution  of  sulphurous  acid  in  water. 
The  volume  of  the  entire  solution  is  now  measured,  and  tbe 
necessary  quantity  of  it  fiUed  into  a  Mohr*s  burette,  and  from 
this  added  to  the  10  c.c.  of  solution  of  chloride  of  palladium  in  the 
manner  above  described,  until  tbe  entire  amount  of  palladium  is 
precipitated 

Thus,  if  100  c.c.  of  urine  yielded  96  c.c  of  distillate,  and 
*i  of  this  distillate  12  c.c.  wei^  required  for  precipitating  the 
4'9I>8  milligrm.  of  palladium  from  the  10  c.c.  of  solution,  then 
the  12  C.C.  contain  11'9  mUligrm.  of  iodine.  The  96  ex.  of 
distillate,  thet'efore,  corre^sponding  to  100  ex,  of  urine,  contain 
8x  ll'9  =  9r>'2  milligrai,  of  iodine. 

According  to  Hilger  C*Ann.Chem."  171  (1874),  217),  it  is 
not  advisable  to  distil  the  urine  with  sulphuric  acid  to  obtain 
hydriodic  acid,  but  it  is  less  troublesome  and  safer  to  apply  the 
palhidium  subcbloride  to  tlie  urine  direct,  without  any  other 
J  (reparation  than  acidiiication  of  the  urine  by  hydrochloric  acid, 

A  solution  of  subchloride  of  palladium  of  known  strength 
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is  first  produced  by  titration  with  solution  of  potassic  iodide  of 
known  strength.  The  urine  is  then  tested  qualitatively  for  iodine, 
and  the  reaction  obtained  used  for  guessing  at  the  probable 
amount  According  to  this  test,  10  to  20  c.c.  of  solution  of 
palladium  subchloride  are  placed  into  a  flask  provided  with  a 
ground  glass  stopper,  and  heated.  The  urine,  acidified  with 
hydrochloric  acid,  is  now  added  to  the  palladium  solution  from  a 
graduated  burette  until  all  palladium  is  precipitated,  as  iodide. 
The  mixture  must  be  strongly  shaken  from  time  to  time  in  order 
to  cause  the  precipitate  to  unite  and  settle.  The  point  at  which 
enough  urine  has  beeu'added  to  the  palladium  solution  must  be 
ascertained  by  filtering  a  small  sample  of  the  mixture,  and  testing 
it  with  either  some  urine  or  some  palladium  solution ;  if  neither 
gives  a  turbidity  the  test  is  completed.  From  the  strength  of 
the  palladium  solution,  as  ascertained  by  potassic  iodide,  the 
amount  of  iodine  contained  in  the  quantity  of  urine  used  is 
easily  calculated. 

Of  other  inorganic  substances  introduced  into  the  system  the 
following  have  been  found  to  make  their  appearance  in  the 
urine: — 

Bromiue  and  bromides. 

Ammonia  and  its  salts. 

Carbonates  "^ 

Silicates       I    r    ^   r 

Chlorides      ('ofaU^^lies. 

Borates        j 

Sulphocyauide,  or  rhodanide 

Ferrocyanide  ^  of  potassium. 

Ferricyanide  changed  into  ferrocyanide 

Rhodidline,  as  sulphocyanide  of  ammonium. 

Chlorate)    ^      . 

Nitrate   |  of  Potass.um. 

Sulphuret  of  potassium  reappeai-s  partly  as  such,  partly  as 

sulphate  of  potassium. 
Chloride  of  baryum. 
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1.  Evaporate  a  small  portion  nearly  to  dryness,  and  add 
a  little  nitric  or  oxalic  acid,  and  observe  the  crystal- 
line forms  of  urea  nitrate  or  oxalate, 

2.  Precipitate  the  larger  portion  with  a  few  drops  of 
milk  of  lime  and  calcium  chloride  solution  and  filter ; 
concentrate  the  filtrate  on  the  water-bath  to  10-12 
C.C.  Transfer  to  a  beaker,  add  one-half  c.c.  of  strong 
alcoholic  solution  of  zinc  chloride,  stir  well  and  allow 
to  stand ;  kreatinine  chloride  of  zinc  crystallises  out 
in  warty  grains. 

b.  Acidify  the  two-thirds  with  hydrochloric  acid,  and 
extract  with  ether.  Evaporate  the  ethereal  solution, 
and  examine  the  residue  for  hippuric  acid, 

1.  The  filtrate  will  contain  earthy  phosphate  and  other 
salts ;  add  ammonia ;  the  earthy  phosphates  will  be 
precipitated. 

2.  The  insoluble  residue  consists  of  mucus  and  wric 
add.  Wash  ofif  the  filter  into  a  test  tube,  add  one 
or  two  drops  of  caustic  soda,  warm  and  filter.  The 
insoluble  residue  is  mucus.  The  filtrate  contains 
uric  acid  and  hydrochloric  acid :  the  uric  acid  separ- 
ates out  in  crystals ;  collect  and  examine  under  the 
microscope,  also  verify  by  applying  the  murexide 
test,  the  presence  of  uric  ctcid, 

3.  The  urine  is  brown  or  green;  froths  on  shaking; 
colours  a  small  piece  of  immersed  filter-paper  yellow 
or  green ;  probable  presence  of  bUe  matter. 

Place  some  of  the  urine  upon  a  white  plate,  and 
drop  in  a  little  strong  nitric  acid  containing  some 
nitrous,  without  shaking.  The  fluid  turns  succes- 
sively green,  blue,  violet,  and  brown  ;  presence  of  a 
derivate  of  colouring  matter  of  the  bile. 

To  a  second  portion  add  some  lead  acetate  in  solu- 
tion ;  collect  the  precipitate,  wash,  dry,  and  boil  the 
dried  precipitate  with  alcohol,  to  which  a  little  sul- 
phuric acid  has  been  added,  filter ;  the  filtrate  is  green 
from  biliprasine. 

Evaporate  a  third  portion  of  3  to  500  c.c.  on  the 
water-bath,  extract  with  alcohol ;  search  for  biliary 
acids,  tauro-  and  glykocholic. 

4.  Take  1  c.c.  of  urine,  dilute  it  with  4  to  5  c.c.  of 
water,  add  ^  a  c.c.  of  caustic  soda,  and  one  drop  of  a 
very  dilute  solution  of  copper  sulphate ;  boil ;  a  red 
granular  precipitate  of  suboxyde  of  copper  indicates 
the  presence  of  sugar. 
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5.  Imiuerse  in  the  uiiDc  a  piece  of  filter-paper  moistened 
with  acetate  of  lead  aolution,  if  the  lead  paper  tunis 
brown  or  black  mdphuretted  h/tlrogen  is  present. 

G.  Evaporate  40  to  50  ex.  of  the  urine  to  dr>Tie:Ss, 
ignite  the  residue  at  a  moderate  heat  till  all  the 
uharcoal  has  been  burnt  otT;  boil  the  residue  with 
water  and  filter. 

a. — 1.  Acidify  a  portion  of  the  Jilt  rate  with  hydix>- 
chloric  acid  ;  add  h[ir)'um  chloride ;  a  white  precipi- 
tate proves  the  presence  of  swlpkuric  acid^ 

2,  Acidify  a  second  portion  with  nitric  acid,  add 
a  drop  of  silver  nitrate ;  a  white  curdy  precipitate 
indicates  ki/drQchloric  acid. 

3.  Acidify  a  third  portion  with  acetic  acid,  add 
a  little  ferric  chloride  solution,  a  yellowish- white, 
gelatinous  precipitate  indicates  phosphoric  aHd, 

4  Evaporate  the  reat  to  dryness  ;  take  up  a  small 
portion  on  the  end  of  a  platinum  wire  and  expose  in 
a  Bunsen  or  spirit  lamp  tlanie ;  a  vivid  yellow  colour 
proves  the  presence  of  siklium, 

5.  Dissolve  a  portion  in  a  little  water,  add  a  drop 
or  two  of  solution  of  platinic  chloride;  a  yellow 
crysUdliue  precipitate  indicate  poiajisium. 

h.  Boil  the  residue  insoluble  in  water  with  a  little 
dilute  hydrochloric  acid,  filter. 

L  Boil  a  portion  with  a  drop  of  nitric  acid,  add 
some  potassium  sulphocyanide  solution  ;  a  deep  red 
colour  proves  presence  of  iron. 

2.  Mix  the  rest  with  an  excess  of  sodium  acetate. 
add  an  excess  of  ammonium  oxalate ;  a  white  pre- 
cipitate pTOves  the  presence  of  ralcium. 

3.  filter  off  the  lime  precipitate,  add  to  the  til- 
trate  ammonia;  a  white  crystalline  precipitate  in- 
dicates the  presence  of  phosphate  <(f  magnesia. 

7.  Add  tu  50  or  100  c.c.  of  the  fresh  urine  contained 
in  a  Hask,  a  little  milk  of  lime,  mix  and  cork  loosely, 
suspending  a  moistened  red  litmu§  paper  between 
the  cork  aud  the  side  of  the  tlask.  If  the  paper 
turns  blue  the  presence  of  ammonia  is  proved 

8,  Distil  some  urine  with  sulphuric  acid,  add  to  the 
distillate  a  little  red  fuming  nitric  acid,  and  ihen 
shake  up  with  a  drop  of  carljon  disulphide,  which,  if 
iotiim  be  present,  w  ill  l>e  coloured  pink. 

For  acetic,  benzoic,  and  kryptophanic  acid,  and  for 
urochrome  and  its  products,  see  separate  articles. 
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Examination  of  the  Sediment. — ^Allow  any  sediment  to  deposit 
at  the  bottom  of  a  cylindrical  glass.  Pour  off  as  much  of 
the  liquid  as  possible,  then  take  up  a  little  sediment  with  a 
pipette,  place  on  a  glass  slide,  and  examine  with  the  micro- 
scope. 

A.  The  urine  is  acid. 

I.  The  whole  of  the  sediment  seems  amorphous. 

1.  On  gently  warming  the  whole  dissolves :  urates  ;  con- 
firm by  adding  a  drop  of  hydrochloric  acid;  leave 
half  an  hour,  when,  if  uric  acid  be  present,  it  will 
have  crystallised  out  in  rhombic  tables. 

Also  confirm  by  the  murexide  test. 

2.  The  sediment  does  not  dissolve  on  warming,  but  dis- 
solves in  a  drop  of  acetic  acid  without  effervescence ; 
presence  of  calcium  phosphate, 

3.  Glistening  drops  appear  in  the  sediment  and  disappear 
on  the  addition  of  ether : /a/  globules. 

II.  The  sediment  contains  well-formed  crystals. 

1.  Small,  glistening,  transparent  octohedra,  insoluble  in 
acetic  acid :  calcium  oxalate. 

2.  4-sided  tables  or  6-sided  rhombic  plates  often  appear- 
ing grouped  in  bunches  of  spindle-shaped  crystals :  uric 
acid  ;  confirm  by  the  murexide  test. 

3.  Reguliur  6-sided  tables  soluble  in  hydrochloric  acid  and 
ammonia,  which  char  on  heating.  Boil  with  caustic 
soda  containing  a  drop  of  very  dilute  acetate  of  lead;  a 
black  precipitate  of  sulphide  of  lead  confirms  the  pre- 
sence of  cy^ine. 

4.  Wedge-shaped  prismatic  crystals,  some  separate,  some 
united,  to  form  a  cross  :  cakiwm  phosphate. 

5.  Greenish-brown  grains  with  a  radiating  crystalline 
structure:  tyrosine, 

6.  Needles  or  rhombic  prisms  easily  soluble  on  warming: 
hippuric  acid. 

III.  The  sediment  contains  organised  bodies. 

1.  Twisted  fringy  bundles,  forming  points,  grains,  &c. : 
mv4ms. 

2.  Contracted  granular  bodies,  often  united  into  a  scale 
pavement-like  mass :  mucus  corpuscles, 

3.  Circular  biconcave  disks,  mostly  yellowish,  which  swell 
up  and  more  or  less  completely  dissolve  in  acetic  acid : 
hlood  corpuscles ;  confirm  by  spectroscopic  reactions. 


CHAPTER    LXXI. 

SCHEME  OF  SYSTEMATIC  QUALITATIVE  ANALYSIS  OF 
URINARY  CALCULL 


Powder  the  calculus.  Heat  a  small  portion  of  the  powder  to 
redness  on  some  platinum  foil,  and  observe  whether  any  residue 
is  left  which  will  not  bum  off. 

A.  In  case  it  leaves  a  fixed  residue,  take  a  small  portion  of 
the  original  calculus,  dissolve  in  concentrated  nitric  acid, 
evaporate  to  dryness  on  a  water-bath  in  a  white  porcelain  evapor- 
ating dish ;  dip  a  glass  rod  into  the  strongest  ammonia,  and  bring 
it  near  the  residue  in  the  dish,  and  observe  whether  a  pink  colour 
is  produced  or  not. 

I.  A  pink  colour  is  produced,  proving  that  the  calculus  con- 
tains uric  acid  ;  observe  whether  a  portion  of  the  calculus 
melts  on  being  heated. 

a.  It  melts — 

1.  And  communicates  a  strong  yellow  colour  to  the 
flame  of  a  spirit  lamp  or  Bunsen  burner :  sodium  urate. 

2.  And  communicates  a  violet  colour  to  the  flame,  giv- 
ing the  potassium  spectrum  :  potassium  urate. 

h.  It  does  not  melt ;  dissolve  the  residue  left  after  ignition 
in  a  little  dilute  hydrochloric  acid,  add  ammonia  till 
alkaline,  and  then  ammonium  carbonate  solution. 

1.  A  white  precipitate  falls  :   calcium  urate. 

2.  No  precipitate ;  add  some  hydric  sodic  phosphate  solu- 
tion ;  a  white  crystalline  precipitate  falls :  magnesium 
urate. 

II.  No  pink  colour  is  produced.  Observe  whether  a  portion  of 
the  calculus  melts  on  being  heated  strongly. 

a.  It  melts  (fusible  calculus).  Treat  the  residue  with  acetic 
acid :  it  dissolves ;  add  to  the  solution  ammonia  in  excess; 
a  white   crystalline  precipitate  falls:    ammonuhviagnes- 
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ium  pluiqihate.  In  case  the  melted  residue  is  insoluble 
in  acetic  acid,  treat  with  hydrochloric  acid  ;  it  dissolves. 
Add  to  the  solutiou  ammonia ;  a  white  precipitate  indi- 
cates calcium  phmpkfk, 

k  It  does  not  melt ;  moisten  the  residue  with  w^ater,  and 
test  its  reaction  with  litmus  paper ;  it  is  not  alkaline. 
Treat  with  hydrochloric  acid,  it  dissolves  without  effer- 
vescence. Add  to  the  solution  ammonia  in  excess,  white 
precipitate  :  calcium  pkosplutk.  Treat  the  calculus  with 
acetic  acid  ;  it  does  nut  dissolve.  Treat  the  residue  after 
heating  with  acetic  acid,  it  dissolves  with  effervescence  : 
vaicium  aiahde.  Treat  the  original  calculus  with  acetic 
acid,  it  dissolves  with  effervescence  :  calcium  carbonate. 

B.  The  calculus  od  being  heated  does  not  leave  a  fixed  i^sidue. 
Treat  a  portion  of  the  calculus  with  nitric  acid,  evaporate  and 
expose  to  amnion iu  vapour  as  before. 
L  A  pink  colour  is  developed. 
(L  Mix  a  portion  of  the  powdered  calculus  with  a  little  ' 
lime,  and  moisten  with  a  little  water ;  ammonia  is  evolved 
and  a  red  litmua  paper  suspended  over  the  mass  is  turned 
blue:  amiyioninm  tiratti 
h  No  ammonia  :    uric  acid. 
11.  No  piuk  colour  is  developed. 
a.  But  the  nitric  acid  solution  turns  yellow  as  it  is  evapor- 
ated, and  leaves  a  residue  iasoluble  in   potassium  car- 
l»onate  :  xanthine. 
Ik  The  nitric  acid  solution  turns  dark  brown,  and  leaves  a  I 
residue  soluble  in  ammonia  :  ci/stine. 


CHAPTER   LXXIL 

AVERAGE  COMPOSITION  OF  THE  NORMAL  URINE,  FROM 
TWENTY-FOUR  HOURS,  OF  MEN  WEIGHING  FROM 
60  to  66  KILOS. 


Average  quantity  from  24  hrs.,  1400  to  1600  cubic  centimetres. 


Average  specific  gravity, 

1020. 

Mean  amount  of  solids, 

55  to  66  grammes. 

Urea, 

.     30  to  40 

»> 

Uric  acid,      .... 

05 

j> 

Xanthine-like  alkaloid,  . 

undetermined. 

Kreatine,        .... 

0-3 

Kreatinine,     .... 

0-45 

V 

Reducine,       .... 

undetermined. 

Hippuric  acid, 

Indigogen,      .        .         .         .      " 

0-5 

ll 

Urrhodinogen, 

Phenol-producing  substance,  . 

Cresol-producing  substance,    . 
Chromogen  of  Urobiline, 

» undetermined. 

Omichmyl-oxyde,   . 

Urochrome,     .         .        .         .      ^ 

Acetic  acid,    .... 

0-288 

f) 

Formic  acid,  .... 

005 

»t 

Kryptophanic  acid. 

0-65 

>» 

Carbonic  acid, 

undetermined. 

Chlorine,        .... 

6  to8 

i} 

Chlorides- of  sodium  and  potassiun 

1,     10  to  13 

» 

Sulphuric  acid. 

.     1-5  to  2-5 

t» 

Other  sulphur-compounds,     .      < 

containing  up  to  02  grm.  of 
sulphur  in  24  hrs. 

Phosphoric  acid,     . 

3*66     grammes. 

Potassium,    .        .        .        .      ) 
Sodium.         ....      J 

undetermined. 

Calcium  oxyde,     . 

017 

» 

Magnesium  oxyde. 

0-19 

it 

Earthy  phosphates. 

1-28 

ft 

Lron, 

undetermined. 
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Ammonia, 07        grammes. 

Trimethylamine,   .  undetermined. 

Biliary  acids,  ....         0012 

Dinitrogenised  derivate  of  sar-      ^ 

colacticacid.      .        .        .       ^determined. 
Oxalunc  acid,        •         •        •       C 
Oxalic  acid,  .         .         .         .       ; 

The  minor  estimates  account  for  48  out  of  55  grammes  of 
solids,  the  larger  estimates  for  62  out  of  66  grammes  of  solids. 

I  have  not  in  this  edition  given  the  tables  for  the  conversion 
of  French  weights  and  measures  into  English  weights  and  mea- 
sures which  were  contained  in  the  first  edition,  as  the  principal 
values  showing  the  relations  of  these  weights  and  measures  to 
each  other  are  now  to  be  found  in  the  British  Pharmacopoeia. 
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Abscesses,  vus  from,  392 
Acetone,  488 

in  cuabetic  urine,  489 
mode  of  obtaining,  488 
observation  of,  489 
properties  of,  489 
Acid^  abietinic.  540 
acetic,  247 

baryum  salts,  251 
lead  salts,  249 
mode  of  obtaining,  247 
quantity  from  daily  urine,  252 
state  in  urine,  253 
anisic,  539 
benzo^^lykolic,  148 
benzoic,  540 
camphoric,  539 
carbolic,  190 
carbonic,  268 

history  and  literature,  268 

indications,  270 

occurrence.  &c.,  268 

(quantity,  269 
cholic,418 
cinnamic,  540 
citric,  540 
cuminic,  539 
damaluric,  528 
damoUc,  528,  530 
formic,  247 

isomorphism  of  baryum  salt,  252 

lead  salt,  249 

mode  of  obtaining,  247 

quantity  from  daily  urine,  253 

state  in  urine,  253 
gallic,  535 
glucic,  428 
Rlykocholic,  416 
nippuric,  144 
hyposulphurous,  293 

baryum  salt,  294 

reactions,  294 
kryptophanic,  255 

chemical  properties,  258 

compounds,  260 

metamorphoses,  263 

mode  of  isolating,  255 
without  heat,  257 

purification  by  lead  acetate,  256 
by  copper  acetate,  256 

theoretical  consideration,  267 
kynuric,  522 


Acid,  lactic,  456 
lithuric,  526 
malic,  540 
meconic,  538 
melassic,  428 
oxalic,  500 
oxymandelic,  520 
phenylic,  190 
phosphoric,  303 
salicylic,  537 
salicylous,  538 
salicyluric,  587 
succinic,  583 
sulphuric,  285 

origin,  2&7 

pathological  indications,  29 

precipitable,  286 

quantity  in  disease,  290 
sidphurous,  293 

in  distillates  from  extracts,  297 

reactions,  294 
tannic,  535 
tartaric,  534 
taurocholic,  417 
taurylic,  539 
toluric,  536 
toluylic,  537 
uric,  56 
urocaninic,  534 
Acidity  of  urine,  5 
Albumen,  373 

characters,  composition,  376 
diacrnosis,  376 

patnological  indications,  379 
quantity,  378 
in  chylous  urine,  369 
Albuminuria,  379 
Alcohol,  476 

chromic  acid  test  for,  479 

elimination  by  kidneys,  481 

mode  of  isolating  from  oi^ganic  fluids, 

occurrence,  476 

physical  and  chemical  properties,  477 
physiological  effects.  481 
social  aspect  of  alconol,  485 
Alkalinity  of  urine,  7 
causes,  7,  8 

from  ammoniaformed  after  di8chaTge,7 
from    decomposition  of  urea  before 

emission,  8 
inflammation  of  bladder  produced  by,  9 


^B                                                  I^a>£X                              ^^^^^H 

^H               Alkalinity,  from  fixed  alkjilies.  11 
^^H                       therapeutic  indication,  10 

Caata^  intratubialar,  883                     ^^^^^| 

targe,  384                                            ^H 

small.  383                                                ^M 

^m               Alkaloidi,  189 

^^m               Allantoine.  493 

waxy,  384                                             ^M 

^H                      pathological  indicaUotui,  495 

Chloride  of  potaasium,  273                           ^^H 

^^m                     properties  494 

of  sodium,  271                                        ^^H 

^^H                Aminoma,  313 

1  urioe.  272                   ^^H 

^^1                       analysift  \'oliimetricii1,  HI  4 

Chlorine                  . ,  3                                     ^^H 

^^^^^,              chemical  propeitie^,  314 
^^^^^H              formation  and  indicatiou»,  SI  8 

eatin;.^.  .i  ^^  laantity,  273                    ^^B 

quantitv  in  baalth,  m                         ^H 

in  diiteaHr.  281                                  ^^H 

^^^^^f              oiigili  and  quantity,  317 

^^^^^^         Antimony,  54S 

Cholei-a.                   <S3                                    ^^H 

^^H                       copiier  test,  548 

Chylous                                                           ^^H 

^^H                       diagnosis  from  otscnic,  549 

albun,                                                       ^^H 

^H                Arsenic,  54^ 

fat  in,  i»7o                                               ^H 

^^m                      copper  test  for,  548 

librinein,  : '   '                                           ^^M 

^^M                      diagnosis  from  ontiaony,  5i9 

patholoffical  mdieatiuna,  371                   ^^H 
Collection  of  urine,  14                                   ^H 

^^^H 

^^^^^         Bile,  acids,  415 

OolouriBg  matter  of  bile,  409                        ^^M 

^^^^K              coloiuiiig  matters,  408 

iu  unne«  419,  422                                  ^H 

^^^^B              compositioD,  416 
^^^^                 in  urine,  419,  422 

of  urine,  oonnal,  217                            ^^H 

Copper,  550                                                 ^^M 

^^H                      patholngicnl  imlicationa,  423 

test  for  au^r,  428, 190                         ^H 

^^m                 Bitifmicine,  410 

Creoisote,  reaction  of,  202                            ^^H 

^^H                Bitimbine,  409 

urine  after  tretatment  with,  201            ^^H 

^H               Bilirerdine,  410 

Creeol,  200                                                    ^H 

^^B               Bladder,  cancer  of,  cauNing  liematttria,  350 

hi»,f.ir       ^     P.  200                        ^H 

^^m                      contritions  pr<jducing  alkaliiw  urine,  9 

^^H 

^^H                                proilucing  hematmia,  350 

prcHi                            ,200                     ^^H 

^^m                              producing  purulent  urine.  392 
^^1                         inftammation  of^  by  alkaline  urine,  9 

projkcitie.^,  •^)l                                      ^^^M 

CYucotine,  .H57                                              ^^H 

^H                Blood  in  urine,  346 

CnieoturfAin,  358                                           ^^^| 

^H                       chotmcal  diagnoaia,  346 

Cyanourinc,  1(t8                                            ^^H 

^H^               ooagula.346 

^^^^^L              coTpnsctea,  846 

Cystine.  470                                                 ^^M 
calculi,  475                                             ^H 

^^^^^l              microscopical  diaRnonU.  347 
^^^^^P              pathological  tndic&tionB,  349 

propertiea,  471                                       ^^H 
Cyatinilerous  urine,  472                              ^^H 

^^^^H               apectroacopical  diagnoai^^  M$ 

Cystitis,  9                                                     ^M 

Cyattcen  us  twnia;  echfnoeoocii^  809           ^^^H 

^^^^        Calcium,  327 

^^^H 

^^H                        estiniatiou  oa  fiulphat^,  328 

^^^^^                       as  oxalate,  329 

tH^)et«s  inaipiilu8,  19                                   ^^H 

^^^^^L              occurrence,  327 

mellitua,  urine  in.  446                           ^^^| 

^^^^V               phosphate.  327 

^^^^^              physical  atifl  chemical  propeitiea,  »27. 

acetone  in  urine  of,  448                 ^^H 

^H_               f  'alculi,  altemating,  91 

Eartbs,  t€4  Calcium  and  Ms^esium,  327^^H 

fichinoooccoahominiSfSS^                          ^^H 

^^^^^L             cystiue,  475 

^^^^M 

^^^H              fusible,  333 

Fat  in  urine,  370,  S86                                ^^M 

^^^^^H              hemorrhage  from,  35 

fomiA  of,  in  chylous  nrine,  870             ^^^| 
pathological  indiratlcma,  870                 ^^^| 

^^^^^H              mixed,  91 

^^^^H              roullwrry,  505 

Ferment  of  urea  and  urine^  895                   ^^H 

^^^^^H              oxalate  of  lime,  508 

Fennt^nUiioii,  428                                        ^^M 

^^^^^H              phosphate  of  lime,  3213 

lactic,  429                                              ^H 

^^^^^H              phosphates,  eailhy,  333 

vinous,  428                                             ^^M 

^^^^^H              pisiform,  BB 

vi«cous,  429                                           ^^H 

^^^H             urates,  67, 

Fever,  urine  in,  58                                       ^^H 

^^^^^m             uric  acid,  88 
^^^^^P               uric  oxvde,  103 

Fibrine,  968                                                ^H 

in  chylous  ttrine.  869                          ^^H 
Fifarinoiia  caata^  iu  Gaata,  882                     ^^M 

^^^^              tat^ti.'    -i-,  103 

^^V 

Food  influano^  <m  nactloo  of  ntiiia,  12             M 

^M              C«io«r.>:               m 

on  llT«^  54                                   M 

^H                      ofkiducy:^,  at>8 

^^H 

^^1                Caneorona  matter  iu  urine,  398 

Glooosb,  425                                            ^^M 

^^^^_        Catta  of  urfniferous  tubule*,  8$2 

Olueoaidea,  425                                         ^H 

^^^H              epithelial,  383 

Gtykokoll,  417                                         ^H 

^^^H               fatty,  384 

Grape  augar.  425                                       ^^M 
voluhiriiic  estimation,  480                   ^^H 

^^^^m             granular,  S88 
^^^H             FiyaioKi,  889 

GravH^l,  uric  add,  m                                   ^^M 
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Gravel, 'oxalate  of  lime,  508 
Gravimeter,  23 
Guanine,  115 

characters,  physical  and  chemical,  117 

compoondB,  ll7 

decompositions,  117 

diagnosis,  120 

history  and  literature,  115 

mode  of  obtaining,.  116 

Hematine,  352,  355 

spectral  phenomena,  355 
Hematocrystalline,  352 

spectral  phenomena,  353 

patholo^cal  indications,  361 
Hematuria,  intermittent,  358 

spectrum  of  urine  in,  360 
Hemorrhoids  of  bladder,  350 
Hemorrhage  from  bladder,  350 

from  kidneys,  349 
Herbivora,  urine  of,  146,  526,  528 
Hippurate  of  baryum,  150 

calcium,  150 

iron,  150 

lead,  150 
Hippuric  acid,  144 

chemical  and  physical  properties,  147 

compounds,  149 

decompositions,  147 

deposits,  165 

history  and  literature,  144 

means  of  procuring,  145 

occurrence,  144 

pathological,  162 

physiology.  151 

quantity,  156 

salts,  150 

variations  of  (quantity,  159 
Hydrosulphocyanic  acid,  298 
Hydrothion,  298 
Hydruria,  27 
Hypozanthine,  107 

characters,  physical  and  chemical,  109 

compounds,  110 

deposits  of,  112 

diagnosis,  120 

history  and  literature,  107 

mode  of  obtaining,  107 

symptom  of  disease,  112 

INDIOAN.  175 

Indigo  blue,  174 

identity  with  uroglaucine,  168 

metamorphoses,  177 

modes  of  obtaining,  176 

brown,  176 

glue,  176 

red,  176 

white,  176 
Indigogen,  167 

choleraic,  183 

estimation  of  quantity,  181 

introduction  and  literature,  167 

mode  of  isolating,  170 

quantity,  secreted,  181 

variations  in  disease.  183 
Indol,  177 
Inosite,  452 

in  diabetic  urine,  454 


Inosite,  properties,  453 
Iodine,  651 

volumetrical  estimation,  552 
Iron,  341 

estimation,  343 

physiology,  344 
Isatiue,  177 

Kidneys,  cancer  of,  349 

diseases  of,  indicated  by  albuminous 
urine,  379 
indicated  by  blood  in  urine,  349 
by  casts,  384 
by  pus,  391 
tubercle  of,  393 
Kreatine,  128 

chemical  properties,  130 
decompositions,  131 
history,  \22 

modes  of  obtaining,  123 
occurrence,  122 
physical  properties,  130 
physiology,  133 
quantity  in  time,  133 
tables  of,  137 
Kreatinine,  122 

chemical  properties,  125 
compounds,  126 
modes  of  obtaining,  123,  124 
quantity  in  time,  134 
tables  of,  137 
Kynuric  acid,  522 

Lactates,  462 
Lactic  acid,  456 

compounds,  462 

mode  of  obtaining,  456 
from  urine,  l59 

pathological  indications,  465 

polarising  phenomena,  463 

properties,  460 
Lactide,  460 
Lead,  549 
Leucine,  511,  512 

compounds,  514 

history  and  occurrence,  511 

production,  511 
from  urine,  518 

properties,  513 
Lime,  see  Calcium,  827 

ozakte,  see  Oxalate,  508 

phosphate,  see  Phosphate,  304 
Lithuric  acid,  526 

Magnesium,  326 

phosphate,  326 

physiological  quantity.  337 
table  of,  837 
Melanine,  231 
Mercury,  550 
Metauropittine,  245 
Morphine,  544 
Mucus,  388 

excess  of,  389 

pathological  indications,  389 
Murexide,  ^ 
I  Muscle,  h^poxan thine  in,  108 
'         kreatine  in,  128 

kreatinine  in,  124 


^m                           ^^^V        iKDix.                            ^^^^^H 

^H             Miude,  lactic  acid  in,  450 

Phosphoric  add,  phTaioloffT,  310                 ^H 

qnantitT  in  health,  30$                         ^H 

in  disease,  311                                 ^M 

^H             ODauR  of  urine.  5 

^H              Oil,  esBentml  of  tirine,  223 

«alt«,804                            ^        ^          ^W 

^H               Onikholic  acid,  2a8 

Pigmeoto,  abnormal,  8 :  Jie  also  U»ry-          1 

^^m              CMnicholine,  233 

tTmw,  212                                                 1 

^H                      chemioal  properties,  2^9 

167                                        ^J 

^^M                      elemeulAry  oompoaiijon,  241 

Pn»                      te  in,  54                                 ^^H 

^^B                      rormulu!,  242 

Pok:               !  diaWtic  urtne,  431                 ^^| 

^H                     mode  of  obtaining,  2Sd                , 

ot  oxalate  of  lime,  502                             ^H 

^H                      mode  of  separating  from  c«choth«r,23& 

PoUUMimn,  921                                               ^H 

^M                    puritiaiiiou,  2:{9 

analyais,  323                                            ^H 

^H                     Mpeani  of,  244) 

chloride  325                                           ^H 

^H              Omichni}  1  oxyde,  210 

phvaiological  relatlona,  S2S                    ^^1 
eufphate.  825                                          ^H 

^H                      chemical  charactors,  210 

^H                      history  an<l  prtJi»araiioii^  210 
^H               DxAlate  of  lime,  5(i8 

phosphate,  326                                        ^^M 

Pnrpurine,  «««  Urrhodtne,  177                      ^^H 

^m                     calculi,  608 

Pus,  890                                                         ^M 

^H                              atati^tioi,  510 

caats,»91                                              ^H 

^H                     orjatallisatioQ,  5472 

globules,  390                                          ^^H 

^^H                      pathological  iuflicntioni,  f>>'i 

pathological  indications,  891                  ^H 

^^B                       polariHation,  502 

^B               Oxalto  ai^id,  500 

Pyrocatechin,  187                                          ^H 

^^B                       cfjm pounds,  501 

chemical  charaotera.  18$                         ^H 

^^B                      estimation  in  urines  (li^^ 

diagnosia  and  signiAcance,  189                       i 

^^M                      hiatory  and  occunetice,  500 
^^m                     mode  of  oMntning,  dOi 

hiatory  and  Utemture,  187                             J 

mode  of  extracting  from  urine,  187         ^J 

^H                       Pathological  iudicutiona.  54)3 

^^H 

^^H                       properties,  r/)! 

QvDtmniK,  541                                           ^H 

^^M                     t-Mipjit^iiraueti  in  urine,  5115 

Qutnifit,  541                                               ^H 

^H               Oxalurin,  cahc  of,  f>Oi 

tests  for,  542                                         ^H 

^^1               OxAluric  A£iti  497 

^^H 

^^H                        rvhfttionij  of.  49S 

RiacTinN  of  urLue.  5                                     ^H 

^^1               Oxyde,  uric,  94 

substances  causing,  6                              ^^H 

^H                       xanthic,  94 

RtxUuiue,  139.                                                  ^H 

^H               Oxymandclic  acid«  520 

Imryuru  compound,  140                         ^^M 

composition^  141                                      ^^H 

^H              Paramklwvninb,  237 

history  and  literature,  139                      ^H 

^^m                      spectrum  of  anlpliate  of,  SSd 

Isolation  with  other  alkaloids,  139         ^H 

^H                Plumal  or  cnrlx»lic  acid,  IIK) 

Rheumatic  fever,  urine  in,  216                     ^^M 

^^1                       bearing  in  bt^ly  of  antrrialfl,  190 

J^^^ 

^H                       chemical  proprtie:!.  H»l 
^H                      history  and  lit«raturo,  190 

dacoHAitrMETRT,  Optical,  481                     ^^M 
volumetrical,  430                                          1 

^H               PlMjnol-pnxluctna;  sub»t!uico»»  19n 
^H                      presence  in  human  uriniv  1'>1 

'  Salts,  inorganic,  Jtre  Potaaainm,  SotUuin,           J 

Magnesium,  Calcium,  k.^.                 ^^J 

^H                             in  horfi^i*'  urine,  U>2 

un>7thanic,  54^                                          ^^H 

^H               Phtaol-aulphuric  ncid,  l&t» 

SanU^mine,  544                                                ^H 

^H               Phosphate  of  calcium,  S04,  927 

Harcina  ventnculi,  407                                 ^^M 

^H                      calculi,  833 

iSarkine,  107                                                   ^M 

^H                     deposiU,  331 

SarkolacUc  acid,  jw  Lactic  acid,  456           ^H 

^^H                       psthological  uidicAtionH,  33^ 
^^m                     of  magnesium,  327 

dinitrogenistd  derivate  of,  467              ^H 

Sodium  anafyais,  823                                   ^H 

chloride,  825                                        ^M 

^H                         ammonio,  332 

^H                         imlculi,  333 

phosphate  826                                       ^^M 

^H                         deposits,  332 

phytttolfigical  relaikms,  829                   ^^li 

^H                         pathological  indicationM,  388 

sulphate,  325                                         ^H 

^H                     of  potassium,  326 

SolidM  in  urine,  20                                         ^^H 

^H                     -offvodiutu,  32(i 

calcuktion  from  specific  gravity,  34      ^H 

^H               rUoMplLAti's,  Alkaline,  304 

i  Speciflc  gravity  of  urine,  20                          ^H 

^B                        earthy,  304 
^m                     calculi.  ^3 

Bpermatoeoa,  405                                         ^^M 

detection  of,  405                                     ^^M 

^H                     deposits,  330 

indicationa,  40(1                                       ^^1 

^^V                      pathoIogicAt  indications,  333 

Stone,  ^  Cdlculi                                        ^M 

^H                       phyBiologica!  (quantities,  336 

Strychnine,  543                                           ^H 

^H               VhoHphoric  acid,  3<)3 

Sugar,  grape,  425                                           ^^M 

^H                     volumetric  estimation,  807 

estmialion,  optical,  431                         ^^M 

^H                     e!tt)mation  in  alkatiiw  and  earths  sepa- 

volumetncal,  430                            ^H 

^B                           rately,  30S 

compoimds,  427                                    ^^H 

^M                      physical  and  chemical  properties,  303 

decomposition!,  437                             ^^M 
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Sugar,  mode  of  obtainifig,  425 

pathological  indicatioiis,  446 
Snlpnocyauic  acid,  298 

lead  salt,  800 

new  reaction  for,  800 
Sniphur  in  organic  componnd  in  urine,  286 

mode  of  showing  presence,  286 

mode  of  estimating  quantity,  286,  295 

physiology  of  different  forms,  800 

m  cystine,  470 

in  taurine,  418 
Sulphuric  acid,  285 

oriffin.  287 

patnological  indications,  290 

precipitable,  2S6 

Soantity  in  disease,  290 
.   urous  acid,  293 
in  distillates  fh>m  extracts,  297 
reactions,  294 

Tmsja  echinococcus,  899 
Tat  treatment,  urine  after,  204 
Tartaric  acid^  584 

urophamc,  (^4 
Tartrates.  584 
Taste  of  urine,  5 
Taurine.  418 
Tobacco,  ammonia  from,  817 


TrimethTlamine,  819 
Tubercular  matter,  89 


Tubules,  casts  of  uriniferous,  see  Ca^ts,  SI 
Turbidity  of  urine,  1 
Tyrosine,  511,  515 

production,  511 

properties,  515 

Ubohematiwr  861,  363 

Ursemia,  55 
Urate  of  ammonia,  65 
lime,  66 
potash,  66 
soda,  65 
Urates,  calculi  of,  67,  91 

do.  with  layers  of  uric  acid,  91 

deposits,  6/ 

after  emission,  67,  78 

in  urinary  organs,  79 
diagnosis  of,  68 
Urea,» 

analysis,  quantitative,  46 

Bimsen's.  85 

Davy's.  86 

Liebig^s,  38 

other  methods,  36 
chemical  properties,  84 
combinations,  86 
with  sodic  chloride,  37 

mercuric  nitrate,  37 

nitric  acid,  87 

oxalic  acid,  87 

mercuric  oxyde,  36 
decompositions,  84 
definition,  Boerhaave's,  30 
detection,  33 
diminution,  55 
excess,  54 
history,  29 

occurrence  in  blooil  and  tissues,  81 
physical  properties,  34 


Urea,  (quantity  in  health,  53 
in  disease.  54 

retention  in  blood,  55 

synthesis,  84 
Urervthrine,  212 

diagnosis  in  urine,  214 

diseases  in  which  it  occurs,  216 

history  and  literature,  212 

mode  of  obtaining  it  pure,  212 

pathology  of,  215 

phvsical  and  chemical  properties  of. 

Uric  acid,  56 

amount  in  health.  75 
in  disease,  76 

calculi  of,  88 

alternating  with  urates,  91 

composition,  56 

concretions,  87 

chemical  characters  of,  90 

crystallography,  60 

deposits,  82 

after  emission,  83 
in  urinary  organs,  79 

mvel,  87 

history,  56 

metamorphoses,  61 

methods  of  procuring  pure,  57 

physical  properties,  60 

salts,  65 

sediments,  crystallised,  85 
Urinid  for  hospitals,  14 
Urine,  acidity  of,  6 

alkaline,  7 

ammoniacal.  7,  8 

chylous,  368 

clear  and  turbid,  1 

collection  of,  14 

odour,  5 

qiuintity  of,  in  health,  16 
in  given  times,  16 
in  diseases,  18 

solids,  20 

specific  gravity,  20 

taste,  5 

tints,  2 
Urobiline,  207 

chromogen  of,  207 

introduction  to,  207 

mode  of  obtaining,  207 
Urocaninic  acid.  524 
Urochrome,  217 

decompositions,  221 

isoUition  of,  218 

physical  and  chemical  properties,  220 

purification,  220 
Urofuscohematine,  363,  367 
Urogravimeter,  28 
Uroglaucine,  168 
Uromelanine,  221 

compounds,  225 

elementary  composition,  225 

origin  and  significance,  231 

physical  and  chemical  characters,  224 

Quantity  excreted,  233 
Uropnanic  inoiganic  bodies,  548 

metamorphic  products,  546 

organic  acids,  532 
bases,  541 
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Uroplttine,  221,  243 

aoalyaea,  244 

mode  of  obtjUning  from  urine  directly, 
222 
Uronibme,  246 
Urornbrohemaiiiie,  S6I,  865 
Urostealith,  387 
UroxADthiDe,  168 
Uirhodine,  177, 178 
UnitodinogeD,  167 

inirodncUon  and  literainre,  167 

mode  of  ieolatlng,  170 

Veorable  ackU,  532 


Venftrtne,  644 

Watib  of  urine,  20 

Weight  of  urine  of  different  densities,  22 

Xakthic  ozrde,  94 
Xanthine,  94 
ealeali,108 
oompounds,  101 
mode  of  obtaining.  95 
I         notes  to,  105 
I         properties,  10<) 

Ztmolactic  acid,  see  I«actic  acid,  457. 
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Roth,  F.R.C.S.     Svo,  with  S  Plates,  2s. 

How  to  Arrest  Infectious  Dis- 
eases, liy  EtM.AR  G.  Barnes,  M.D. 
Lond.,  Medical  Officer  of  Health  of  the 
Eye  Urban  and  Hartkmcre  Rural  .Sani- 
laT^  "\y\^u\c\s.    VcAit.  S\u,  25.  6d. 


J.    *  A.    CHURCHILVS  RECENT    WORKS. 


A  Manual  of  Practical  Hygiene. 

By  F.  A.  Parkes,  M.D.,  F.R.S.  Sixth 
Edition,  by  F.  de  Chaumont,  M.D., 
F.R.S.,  Professor  of  Military  Hygiene  in 
the  Army  Medical  School.  8vo,  with 
numerous  Plates  and  Engravings.     iSs. 

A  Handbook  of  Hygiene  and 
Sanitary  Science.  By  Geo.  Wilson, 
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